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ABSTRACT 


Groundskidding logging systems disturb a larger proportion 
of the cutover area than cable or aerial logging systems. 
Researchers have shown soil disturbance is strongly linked 
to accelerated soil erosion and to poorer regeneration and 
slower growth of trees. As a result the desirability of 
using groundskidding systems has been questioned in some 
regions, including the Nelson Forest Region of southeastern 


BeatisheColumba az 


To investigate this concern, exposed mineral soil was 
measured on twenty-five groundskidded and six cable-yarded 
clearcuts in the Nelson Forest Region. Haul roads, landings, 
skid roads and off-road (yarding) occurrences were included 
in the surveys. Groundskidding caused significantly more 
s0il disturbance than cable logging. Average mineral soil 
exposure was 45.4% (range 28.8 to 65.0%) on summer ground- 
skidded blocks; 40.4% (range 13.7 to 52.6%) on winter ground- 
skidded. blocks;.29.5% (range#21.5.to* 39.9%) on. summer cable- 
Vardedablocksshandez2.3% (range. 12.3) to 28.4%) on winter 


cable-yarded blocks. 
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Skid roads were responsible for most disturbance on ground- 
skidded clearcuts while haul roads were the largest single 
Sour cCemenecable-Vvardedwaneas.s saul) rogd- and yarding- 
related disturbance levels were similar for both logging 
systems. lLanding-related disturbance, a minor component of 
total disturbance for both logging systems, was somewhat 


greater on groundskidded blocks than on cable-yarded blocks. 


Summer groundskidding generated more very deep (19.2%) than 
déep (l0v27) or -ilient (i002) "disturbance, “white-winter 
groundskidding generated more deep (16.1%) than very deep 
(13.6%) or light (10.7%) disturbance. ‘Summer cable-yarded 
sites were characterized by more light (15.1%) than very 
déep (8.9%) or deep (5.5%) disturbance, whereas winter 
cable-yarded sites showed an opposite trend: more very deep 
(475%) than light (4.37) or~deep’ (377%) "disturbance. ®the 
high level of light disturbance on summer cable-yarded sites 
was associated with a high level of yarding-related distur- 
bance, while on winter-logged sites the high level of very 
deep disturbance corresponded to a high level of haul road- 


related disturbance. 


Depth of disturbance correlated strongly with source of 


disturbance. Haul roads and landings generated mostly very 
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deéencdisturbancé and little light disturbance. Yarding 


dusturDance was usually iioht, 


seasonaotsloggingvhadtno esi gniticant leffectsonmsoihddrstun: 
banceplevels or’ depth distributions for-either logging 
system. Soil disturbance correlated weakly with slope 
Steepness as well, with only asolated significant effects: 
skid roads generated more soil disturbance on moderate and 
steep slopes (steeper than 20%) than on gentle slopes (less 
than 20%), while landings caused less disturbance on steep 
slopes (40%+) than on gentle and moderate slopes (up to 
40%). Also, skid roads appeared to generate more very deep 
and less light disturbance as slope steepness increased, but 


no similar trends were noted among other disturbance sources. 


Skid road surfaces on two groundskidded sites were sampled 
for, ap jncarboniacon tents sibulkidensittes); qparticl easize 
disStraputions and intiltration rates of surface sors, and 
were compared to adjacent undisturbed surface soils and 
subsoils. Skid road surfaces resembled subsoils more than 
surface soils in most respects, being characterized by 
higher pH, higher bulk density and reduced short-term 


(firtecn-minute) intiltration rates thanysurface soils: 
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1. INTRODUCTION 


Soil disturbance, the exposure, of mineral soil by mechanical 
action, is a normal consequence, and sometimes a desirable 
Opaectiver. Ofetimbers harvesting. scarification, gor, example. 
is» routinely prescribed: to preparescutover sites for natural 
revenerations oruplanting.-sit1S also. recognized. however. 
that soil disturbance can have detrimental impacts on some 
forest sites. Soil erosion, sedimentation, and losses in 
Sites productivity: aresprobably. thesmost trequently-citved 
impacts. Researchers generally agree that the potential for 
SO Mimerosiony COMOCCUITy. lianot thes sctualt rates oh erosaons 
increases, as_the»extent of soil disturbance ancreases...A 
Substantial bodylOrmmeliterature also demonstrates that tree 
growth on some disturbed sites may be impaired by compaction 
OreQther alterations, to, thea physical and chemical properties 
of the soil. As a result of these concerns, many scientists 
and foresters have promoted the reduction of soil distur- 
bance as an important goal of forest management, arguing 
that the potential for harmful impacts will be reduced 
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Severe, Om these =impactomisenot cCleare= |ters "an -appea ling 
miaexepecause™1t™=can=pe=relatively™-easily and objectively 
measured, whereas environmental impacts are difficult to 
quantify. However, the processes that link soil disturbance 
to" losses in site* quality are complex” and''cannot be adequately 
described by soil exposure alone. Soil erosion varies not 
only with mineral soil exposure, but also soil, topographic 
andeelmmatic*factors. "Changes in=site=productivity are also 
the result of complex interactions between physical and 
chemical properties of the soil and the hydrologic and 


erimmatirc”’charactenrstics "or “the site. 


esp huemeiese = hillrtarLons, =SOm! disturbance has been widely 
used ‘by many researchers asa’ criterion to assess the rela- 
tive environmental impacts of aerial, cable and ground- 
skidding logging systems. With few exceptions comparisons 
between logging systems have been made on the basis of the 
total area disturbed without regard for differences in cause 
@reseverityeo: drsturbance. Using this incex*ot totals son 
disturbance, most of these studies have suggested that 
groundskidding logging methods cause greater impacts than 
aerial or cable methods. These findings have helped ‘to 
entrench the opinion that aerial and cable-yarding systems 


are inherently superior to groundskidding systems in terms 


sombdriverh Live suey ste eeu ae Gree. i - 

etesnusians od Soiasa-bnb ekyaod ove vitebe sate i oueeay wk 
Soir aétaay neteots dk venety erazeqre, toe ie nile 
sitqeraaqe? baer Geka Jud sid amu GEO bi oe: “apes ao 
oete srs ysiviTaubery ssie ni 29) neHO saddest oitentts baw 
bite Isoiavyiig asswrod zhorle saan rb Lk: to ee 
brs vipeto bei siz bas ie as, Bo. ney tet oer reviaieit 

othe one e ss de alsa Ts 


Yiebiw med ven sanedsurath Toe <atotrediagt seed? . a 
Bios 343 22beeg’ 3 gai ILI et ekiereaTeee ot din YO Bee —— 
-basovy br SSHES tstepa te essanne Léteniker tase aekt = 
PHOEPISIMOD -emorIieoxe: wSd iaeae semereye gntgges ry ae 7 a 
silt to 2tead 489 Bo Bs is pane Sinaia untagol cet a 
al eostisinettib tH . wy boots 


+ ras fe 


oe Tsyot to ebb. ae 


of their environmental effects. They have also been cited 
as evidence in support of proposals to restrict or abolish 


logging by groundskidding methods in some regions. 


Comparisons that are based primarily or entirely on extent 
of soil disturbance, and particularly on total soil distur- 
bance, usually leave many important related questions un- 
resolved. First, how meaningful are the results? Most 
comparisons are based on only a few logged areas and statis- 
tical analyses are® lacking. -Also, physical descriptions and 
details of the logging histories of the study sites vary in 
quality. This makes it difficult to determine whether or 
not the sampled areas are truly representative of average 


logging’ conditions’ and practices® for the'region. 


Decondiy,91s5 the soil disturbances caused by cable on aerial 
logging methods inherently different (aside from areal 
extent) from that caused by groundskidding? In terms of the 
processes” thate contribute! tot so1lP disturbance, eifediinggand 
road construction are common to all logging methods; proper- 
ties of soil disturbance associated with these sources are 
not likely to vary much between logging systems. However, 
groundskidding systems differ from cable and aerial systems 


inethesyarding process, USing (tractorse or Tubber= tired 


re . 
tupixe no yistitas so Apieaing eee 
wquseeb. Lhee fatoeune: iseluokes oy tame, eoustateth Lee to 
“av ENG La zaup begetss sroazogab Nps oval uitnuen a 
«$e. SegdweeT ode 918 tuts bathem Wa Leek -boviozer =. 
~etiete bis esstis begge!-wot = hae ea Baked, o7m agpetrsqaeD . 
ban 2noieqiasesh ieokeyne 2. BaDAs, pune ave seey lane faoks 
gi visw eave vbite 343, to wabcond heir egts ara. 26 2fisteb 
<9 +eilte:na aninveteab 6s Jiwoltigrh +1 zojem ei? .ystisup> _ 
sgnravs Yo svimeneaas mae Chet? gue Tsone berqene mts 788 —_ 


stoigar ode OF pesifogry brs tneistgao> gaiggol 
j ni 7. 


ae 
téhros xo ohdao 4d Heemnp’ soeamoestad Lege of 2F thane) 4 
loots mott shies) canye Ris Ylsieradié ehoteom saiggol 

edt Zo. envet nt car epowuca sapngene a8 Mork Comets 
bax guiliod . ooneduusell tine of atmdenznos jae eseeeootg 

a eben pte ona sokzoncsanen, Mat, f 22 


skidders to transport logs from the stump to the landing. 

On sloping ground these vehicles operate on skid trails, 
which constitute an additional source of disturbance not 
associated ‘with most cable tommerialitsystems @tihereis 
strong evidence linking skid road-related soil disturbance 
to detrimental impacts such as soil erosion, compaction, and 
reduced tree seedling vigour and survival. While it is 
clear that skid roads are therefore a source of additional 
(and potentially detrimental) disturbance, the significance 
of this increase is less obvious. It is necessary to deter- 
Minemehe proportions fot total isod Bidusiturbance attributable 
COmnauleroads,.= landings, skid> roads) and yarding activities 
in order to put the role of skid road-related disturbance, 
and therefore of groundskidding systems in general, into 


PEODEREpeEsSpective: 


Finally, how readily can the results from one area be 
extrapolated to other regions? Soil disturbance information 
Ls@avallablenforia variety toiiclimatics topographretand 
edaphictsétvtingsyrbutlitstuseftlnesseis limitedvbyedaftier- 
ences in sampling methods, measurement criteria and defini- 


tions among the studies. 
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This thesis attempted to address these questions in an 
investigation of the occurrence, distribution and depth of 
soil disturbance on cutover areas in the Nelson Forest 

Region of southeastern British Columbia.’ Greater public 
awareness of environmental issues coupled with the forest 
industry's increasing dependence on timber from high-elevation 
steep slopes generated strong controversy over the tradi- 
tional logging practices of the regional industry. The 
controversy emphasized the. dack.of;) andeneed+for) reliable 
quantitative information about the environmental effects of 


logging on steep, high-elevation sites. 


In 1973 the British Columbia Forest Service issued logging 
guidelines for the Nelson District (British Columbia Forest 


Service, 61975, 19/74) 6 (Appendix;lsepagedS0)en Thegantentyot 


‘The British Columbia Forest Service was reorganized under 
ChesMinvscny -Or rorests ACt (1980) ~inenesponse, togthe 
recommendations of the Royal Commission on Timber Rights 

and Forest Policy in British Columbia (Pearse, 1976, Volumes 
ieande? sue lhe sixeadministrativesunits formerly ‘Teferred) to 
as ehorest Districts are now.called,Forest Regions, (bound= 
BoLeomOUetwOSCeOltla leinteCLLOLeDisStLi cts swoLOeLeViSeUumLO 
create a seventh Forest Region). Administrative boundaries 
of the Nelson Forest Region were not changed but management 
units within the Region, formerly called Public Sustained 
Yield Units (PSYU's), have been grouped into fewer, larger 
Timber Supply Areas (TSA's). Other tenure. agreements, 


conferring cutting rights and management responsibilities, 
remain in force with minor amendments. 
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the guidelines was to encourage operators in the region to 
use cable logging systems on steep, potentially sensitive 
Sites. Tractor logging on slopes between 50 and 70% was 
limited to winter operations on deep snow-packs, and was 


prohibited entirely on slopes steeper than 70 percent. 


Most of the Region's remaining mature timber stands occupied 
steep slopes at high elevations. Hedin (1978) estimated 

that 32% of the mature timber remaining in the Nelson 

Forest Region was on slopes of 34 to 50%, and 34% was on 
slopes steeper than 50 percent. Average elevation of mature 
stands was 5,000 feet (1 520 metres). There were also 
pressures to reduce the allowable annual cut (AAC) to account 
for land withdrawals for wilderness and park areas and to 
exclude timber harvesting on sites that were economically 
inaccessible or environmentally too sensitive to log.” Asa 


result of these pressures the mature timber on steep high- 


7In 1976 the B.C. Forest Servicé began a program to iden- 
tify ¢\map.and-cruise environmentally-sensitive sites, termed 
Environmental Protection Areas (EPA's) (British Columbia 
Forest Service, 1976). Logging within.an EPA was tobe 
restricted depending upon the nature and severity of the 
site problems. The program was intended to form the basis 
for recalculating the allowable annual cut for each Pov. 
The Royal Commission on Timber Rights and Forest Policy in 
British Columbia (Pearse, 1976) recommended continuing the 
EPA program. 
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elevation sites was becoming an increasingly important 


SOULCeLOf AC LMDenr, 


At.the time.the guidelines were .introduced,over .95%.o0f the 
timber harvested annually in the Region was logged with 
tractors (Wellburn, 1975). He stated the industry's problem 
(page 52): 
"Tractor logging is the most economic and safest 
logging system for many areas of the Nelson Forest 
District,~and being sadaptable,-itaprovidesathe longest 
operating sseason. ..—Erosion,and,soili;damage.could be 
reduced by planning and supervision. Information on 
the extent of damage from tractors is lacking and as a 
result many people blame tractors for damage to areas 
which .they..find:aesthetically unpleasant." 
The Steep Slopes, Committee for.the Nelson Forest District 
was formed in 1974 to resolve issues concerning steep-slope 
logging practices. Members represented the British Columbia 
Forest Service, Interior Lumber Manufacturers' Association, 
Forest Engineering Research Institute of Canada, British 
Columbia Environment and Land-Use Committee Secretariat, and 
Canadian Forestry Service. The Committee requested the 
Pacific.Forest Research Centre.and.Forest Engineering Research 
Institute of.Canada,.to -initiate,studiesyof »logging gimpacts 
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The current study had two goals. The first was to survey 
groundskidded and cable-yarded cutovers to document and 
analyze levels, composition and severity of soil disturbance 
over a range of harvesting methods and site conditions. The 
specific objectives were to: 
1) determine whether groundskidding systems 
generated more soil disturbance than cable- 
yarding systems; 
2) determine why differences, if any, occurred; 
35 using depth of disturbance as an index, 
compares thes severity ot son disturbance 
between the two logging systems; and 
4) examine the effects of slope steepness and 
season of logging on soil disturbance levels. 
Tiemsecond. goal, o1 the study. was to describe the’ efirects) of 
skid road construction and use on properties and character- 
ioutesmOr cOrest. sOlls. The impacts of Skid; roads om various 
SO1ll properties, most notably on bulk density and fertility, 
and their consequent effects on infiltration rates, surface 
erosion and tree growth, have been discussed by several 
Nesearchorss. Most or this intormation applies) to areas» or 
gentle topography, however; comparable information for 
Clacilated mountainous: terrains sUCh aseis typical of othe 
NeMsOnmrorest Region 1s scarce, = iheretore the second phase 


of this study consisted of a survey of physical and chemical 


properties of soils on skid road surfaces and on adjacent 
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undisturbed sites. It also included measurement of rill 
eroston on skid "roads anderts correlation with skid ‘road 
gradient and length. The objectives of this survey were to: 


iy Corremamer oolecerecam ply sica Landa chemlcad 
eharacteristicssotmthe soi) with) skid Toad- 
related disturbance; and 


2) provide an indication of the magnitude and 
direction of.alterations to soil properties 
that result from skid road construction and 
use. 
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Z. LITERATURE REVIEW: TIMBER HARVESTING AND 
SOIL DISTURBANCE 


J eee amber Harvesting Jand = 5011) Disturbance 


Researchers have measured and compared soil disturbance for 
a variety of logging systems. While various indices of 
disturbance have been proposed, exposed mineral soil is the 
mOSt universally accepted index. _A common theme has been _to 
contrast groundskidding logging systems (rubber-tired skid- 
ders or tractors) with one or more cable or aerial systems. 
Many researchers have further described soil disturbance by 
its source (usually haul roads, landings, skid roads and 
yarding) and/or by its severity (usually some depth criteria). 
Some researchers have also studied the effects of season of 
logging and slope steepness on the quantity and severity of 


Soi ledisturbance. 


MoStmOtmtiercariy soll) disturbance research) wasSed0nemine cic 
western United States. Fowells and Schubert (1951) reported 
mineral soil exposure averaged 22% on tractor- and donkey- 
logged cutovers in California pine stands, with revegetation 
decreasing the percentage of bare ground to 8% by 12 years 


andmbOec eb vec4 years. atter logging se lneassimilan study. 
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Garrison and Rummell (1951) found tractors exposed mineral 
soil on 20.9%, cable (jammer) systems on 15.2%, and horses 
on 11.8% of the area logged by each system in ponderosa pine 


rangelands of central Washington and Idaho. 


Haupt (1960) concluded the number of stems removed per acre 
was the key factor affecting mineral soil exposure in a 
comparison of stem versus group selection harvesting methods 
in Idaho ponderosa pine stands. Soil disturbance averaged 
8.1% overall for all harvesting and logging (groundskidding) 
methods combined, but increased with increasing intensity of 


Cute initaaieestand: volume, and’ size om tractor. 


Wooldridge (1960) compared tractor and skyline crane logging 
systems in north-central Washington and observed 29.4% of 
the “tractor -logged! "site! and 111% of ‘the "skyline ‘crane- 
logged site were disturbed. Dyrness (1965) reported similar 
results for a study in southwestern Oregon noting that 28% 
of a tractor-logged clearcut was disturbed by skid roads, 
while disturbance on three highlead-logged sites averaged 


P45 percent. 


A more recent study of a salvage logging operation in north- 


central Washington contrasts strongly with the similar 
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findings of these earlier studies. Klock (1975) reported 
tractors and "traditional" cable-logging methods (jammer and 
highlead) disturbed 73.8 and 76.5%, respectively, of their 
salvage-logged areas. "Advanced" logging systems disturbed 
much) smaliler®proportions®ot? their logging? areas:*. Tractor 
logging over snow caused 34.0% disturbance, skyline logging 
Zowcoeand nelicopter Lopgino only 12.0 percent. |{ Klock 
doesenottedstine thes terms’ traditional’ > and’Vadvancedtebut 
una themcontextrefr histstudy, it@istpresumed! that®vadvanced! 
Ssystemseares perceived toshaverless®detrimentai® impacts on 


forest sites than ''traditional" systems.) 


Zasada and Tappeiner (1969) reported summer logging with 
rubber-tired skidders disturbed 67 to 83% of four northern 
Minnesota aspen sites, with 7 to 11% of the areas heavily 
disturbed. Another study in northern Minnesota compared 
full-tree and tree-length harvesting systems, also using 
rubber-tired skidders, where full-tree systems caused 47% 
disturbance in winter and 78% in summer, compared to 47% in 
winter and 72% in summer for tree-length systems (Mace, 


Williams and Tappeiner, 1971). 


Aistrveycdofeninesrubber-tired?skidder-foretractor-Llogged 


areas in the Coastal Plains region of South Carolina and 
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Virginia revealed primary skid trails disturbed an average 
oumreT 4, e(rangée ’st2 toy22.8%)aandtsecondary skid trails an 
average of 19.9% (range 8.8 to 42.3%) of the total logged 
area (Hatchell, Ralston and Foil, 1970). Log decks (land- 
ings) occupied an average of 1.5% (range 0.3 to 4.6%) of 


the logged sites. 


In recent years soil disturbance surveys were undertaken in 
BriacasheGolumbiayns Bockheim,#Ballard and*Widilingtonr(i1975) 
reported mineral soil was exposed on 68 and 71% of two 
tractor-logged blocks in southwestern British Columbia, 
while soil disturbance averaged 29% on eleven highlead- 
logged clearcuts in the same region. In a survey of clear- 
cuts in southeastern British Columbia, Smith and Wass (1976) 
recorded average mineral soil exposures of 46% (summer) and 
29% (winter) for groundskidding logging methods; 17% (summer 
and winter) for highlead-yarding systems; and 29% (summer) 
and 22% (winter) for grapple-yarding systems. Hammond 
(1978) surveyed eight cutblocks logged with small tractors 


in the same region, reporting soil disturbance averaged 28% 


on summer-logged blocks and 39% on winter-logged blocks. 


Schwaps ande Wattee LOsivedc ound’ in ther centrad? interior,etracitors 


disturbed between 35.1% and 59.8% (average 46.1%) of eleven 


summer- and winter-logged blocks, while running skyline 
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systemssdisturbed onliys8.8% to 1744%.,(average 11464) of tour 


summer- and winter-logged clearcuts. 


The primary sources of soil disturbance on most logged areas 
are haul roads, landings (log decks) and skid roads. Silen 
and Gratkowski (1953) provided an indirect estimate of 
disturbance attributable to haul roads and landings in their 
study to determine how much forest land was required for 

eat icieneeloretransport..  Autotalvor sl2 4% 0f ithe arearois 17 
Glearcut units: in, the HoJ.. Andrews .Forest inthe Oregon 
Cascades (8.8% in haul roads and 3.6% in landings) was 
occupied by the road network. . However, the authors esti- 
mated that for the entire Forest, disturbance levels would 
Vemlower, 2290 10. roadsgand 1425 sine landings. fora, totallot 
4.1% overall. Mitchell and Trimble (1959) found unplanned 
skid roads disturbed a larger area than carefully planned 
Siead roads .(5.6% versus .4.5% .0f the Logged sites) .on the 
Fernow Experimental Forest in West Virginia. By comparison 
a horse-logging operation on the Fernow Forest resulted in 
12% of the area being severely disturbed by skid trails. 
Haul roads disturbed 0.9% of the skidder-logged area and 
0.5% of the horse-logged area. Kochenderfer (1977) reported 
10.3% of skidder-logged areas and 7.8% of jammer-logged 


areas in the central Appalachians was disturbed by skid 
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roads, haul roads and landings. On the skidder-logged areas 
84% of the soil disturbance was due to skid roads and 16% to 
haul roads, while only 4% of disturbance was due to skid 
roads and 96% to haul roads on the jammer-logged areas. In 
another study of nine cutovers in the Douglas-fir region of 
southwestern Washington, skid roads alone disturbed an 
avera veg oin 2 Ol lvpowitheayranges off lic Gs togd4t 533,56 0frithe 


logged area (Steinbrenner and Gessel, 1955). 


Road-related disturbance on eight tractor-logged units in 
southeastern British Columbia ranged from 21.5 to 46.4% and 
averaged 34.3% (Hammond, 1978). Another study reported deep 
soil disturbance (soil gouges and deposits deeper than 0.25 
metres) caused by haul road, landing and skid trail construc- 
tion amounted to 13.8% and 18.4% of two tractor-logged 
clearcuts in the East Kootenays, but only ranged from 4.8 to 
6.0% on three highlead-logged areas in the southwestern 


peution OL thepprovincey(Utzigi and, Herringss1975)8 


Smith and Wass (1976) found haul roads, skid roads and 
landangs’ctollectivelys disturbeds 39% 823 of thepareas of cléare 
cutsethat»hadsbeen summer. tractor-logged;) jClearcuts tractor- 
logged during the winter, however, had an average distur- 


bancerot 2lysipercents) Road-related disturbance one cabliet 
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logged clearcuts averaged 9.0 and 16.4% (summer and winter) 
for highlead systems, 27.1 and 21.8% (summer and winter) for 


grapple yarding systems, and 7.7% for summer jammer yarding. 


Not all researchers have included haul roads and landings in 
their estimates of soil disturbance for cable-yarded clear- 
cuts, making direct comparisons of total soil disturbance 
levels between studies difficult. Even when the presence or 
absence of haul roads and landings is taken into account, 
however, other inconsistencies in the disturbance estimates 
become evident. For example, studies of highlead-logged 
Sites that have included haul roads and landings yield soil 
disturbance estimates ranging from 9% to slightly more than 
24% (Garrison and Rummell, 1951; Ruth, 1967; Smith and Wass, 
1976). By comparison, studies that have not included haul 
roads and landings show a far wider range in disturbance 
estimates, from one percent to almost 77 percent (Bockheim 
Stil Savoie Myniess. 196539 KlockyaoaS; Wa tise movi) ee It 
would appear that most of these inconsistencies reflect 
Speelwuicusite conartions.  lhesfactorss concribucing sto 
Klock's (1975) observation of 76.5% disturbance on a highlead- 
logged setting are not clear, but it should be noted that 
the area was logged after a wildfire. Watt (1975) also 


reported a value of 67% mineral soil exposure on one highlead- 
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logged area that had been burned before logging. The very 
low highlead disturbance estimates also seem to be due to 
special conditions. Deep litter layers (25-48 cm), heavy 
slash accumulations and good deflection are probably respon- 
Sibve, tor the> very low “sorl disturbance (1%) reported by 
Watt (1975), while Bockheim et al. (1975) credit yarding 
over snow with causing only 5% soil disturbance on a clear- 


cut in southwestern British Columbia. 


Estimates of soil disturbance (excluding haul roads and 
landings) are generally lower for skyline than for highlead 
Systems and range trom 5.4% to 12,17 (Dyrness, 1967; Ruth, 
IO eocuwaD ald Watt, “Loo... oma ten and Wass, 1976; Wool- 
dridge, 1960). However, Klock (1975) reported a much higher 
froure (275.2%), ‘and’ Cromack, Swanson and’ Grier (1979) also 
stated that a skyline-logged unit in southwestern Oregon 
experienced a much higher degree of soil disturbance than 
Other skyline studies but did not provide an eStimate of 


mineral soil disturbance for comparison. 


Apparently only Smith and Wass (1976) have surveyed grapple- 
yardeducelearcuts, reporting road-related, disturbance Levels 
of 27.1 and 21.8% for summer- and winter-logged sites, 
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Soil disturbance data are available for two aerial logging 
methods, balloon logging and helicopter logging. Mineral 
soil was exposed on six percent of surveyed balloon-yarded 
clearcuts (Dyrness, 1972). Soil exposure on helicopter- 
toggedeclearcutseissalsoglowgeno se ONpacGleaccur ingsouth— 
westenn- BritishseCoLumbiay (Bockheims:etealo541975),, 654,0n-a 
eleareuteinwthe IdahoyBatholith (Glayton,91981),and J2%.0n a 


Gleavcut pin snorthacentral sWashingtonatKlocks 31945) z 


Only a few studies have searched for or reported slope and 
Season,of-logoingpemtects.,onesouk disturbaneea levels. 
Garrison and Rummell (1951) noted that deep soil disturbance 
(soil displacement deeper than one inch, by the authors’ 
Gita) eGausedabywetuactonsyaVveraved eZ .Onbimesperoater On 
slopes greater than 40% compared to slopes less than 40 
Perncenc. axbockheimretsalee(1975)53by Companison,,«measured 
Mineral soil exposures of 68 and 71% on two tractor-logged 
clearcuts having very different average slopes (25% and 60%, 
respectively) but concluded that ''on highlead settings, 
slope angle appears to be a major factor influencing the 


degree of mineral soil disturbance" (page 289). 


Data presented by Hammond (1978) for eight tractor-logged 


sites in the East Kootenays show no apparent correlation 
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between slope steepness and degree of disturbance. Smith 
and Wass (1976) found, over a slope range of 29 to 81%, 
slope steepness did not influence soil disturbance caused by 
summer-built skid roads. On winter-logged areas, however, 
twice as much skid road disturbance occurred on slopes 
greater than 60% compared to slopes of less than 60 percent. 
Schwab and Watt (1981) observed soil disturbance on eleven 
tractor-logged clearcuts in the Quesnel Highlands increased 
consistently, trom 4). 3% on 0-30% slopes,: to 50.23. 0n. slopes 
greater than 60 percent. Skid roads disturbed 31.6% of the 
clearcut area on 0-30% slopes, 38.8% on 31-60% slopes, and 


47.4% on slopes greater than 60 percent. 


Apparent seasonal effects have also been noted by some 
researchers. Bockheim et al. (1975) reported highlead 
yarding on a 65% slope over a spring snowpack resulted in 
only 5% mineral soil disturbance on one clearcut, compared 
with an average of 31% for twelve areas that were logged in 
snow-free periods. In north-central Washington tractor 
logging over snow caused 34% soil disturbance while tractor 
logging over bare ground (presumably in summer or fall) 
generated 73.8% soil disturbance (Klock, 1975). A study in 
Minnesota reported groundskidding in winter reduced total 


soil disturbance by about 30% compared to summer logging 
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(Mace, Williams and Tappeiner, 1971). In a more comprehen- 

Sive analysis of seasonal differences, Smith and Wass (1976) 
found (1) en groundskidded sites, soil disturbance averaged 

41.9% in summer and 24.5% in winter; (2) on highlead-logged 

Sites, soil disturbance averaged 9.0% in summer and 16.4% in 
winter; and (3) on grapple-yarded sites, soil disturbance 


averaged 27.1% in summer and 21.8% in winter. 


Cec deead UDerANarvesting and.cO0 id Compaction 


Timber, harvesting activities:usually. cause, some.soil_com- 
Pactilonsin.additiongto. exposangamineralssoiis., elhepextent 
andsseveratyeotacompaction varies with the. loggingpsystem, 
omLENSAtVaor Crastic, SoOilsemoisturesconditaonsand,soid 
Pexturces(Dyrness 1965 wl907, elO72 ep lerry andegampbelly, 

Ms ljeyecO1lsamayseremain compacted sfor severalsyears aiter 
bogging, with adverse effects on. tree, regeneration, survival 


Gndecrowtha(Erochlich, 1979)... 


SubsStaneiale proportions, of cable- logged) sitesamay (bescome 
pacted byavarding. . Dyrness (1905, 1067, 1972) scound soils 
were compacted to some degree on 27% of a tractor-logged 


Dito Oa anigniead-logged unit,eald. 2> 90% a) balloon- 
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logged unit. Cromack et al. (1979) reported 10% slight 
compaction and 20% deep compaction occurred on a skyline- 
yarded clearcut in western Oregon, attributing the high 
degrees ofecompaction tompoormdefiection?) Harrrand Mcformson 
(1979) also reported extensive soil compaction (19.8%) ona 


skyline-logged unit in western Oregon. 


The areal extent of compacted soils on groundskidded sites 
mopctoselyecorredlated withethetareaGinaeskid traits sehaul 
roads and landings. Garrison and Rummell (1951) observed 
ScldmenatissOlmetheir Study sites were neavidy compacted. 
Brochiich}9Aulerichtand Curtise(1981) Fy .citingtstudiesnby 
Foil and Ralston (1967) and Froehlich (1976)!, state "The 
soil in the skid trails is almost always compacted" (page 
ZyepeBballard®(€1972)isummarizesstudiéscbyrsteinbrenneér 
(1955) in southwestern Washington showing an 80% reduction 
in soil permeability and 50% reduction in macro-pore space 
duem@tortmaccoretrartic: "Skiderdads SOntminéetractorslorced 
blocks in southwestern Washington were found to have bulk 
densities increased by 35% and permeability rates reduced by 
‘Original reference not available: 

ProcniienmeHeAes LO7ONMe The anituence of ditferent 

thinning systems on damage to soil and trees. 


In” Proceedings XVI IUFRO World Gongress, 
Division IV, Norway. p. 335-344: 
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92% when compared to adjacent undisturbed soils (Stein- 
brenner and Gessel, 1955). Seedlings on skid road surfaces 
were fewer in number and inferior in quality to seedlings on 
the adjacent cutover land. Hassan (1978) reported skidder 
Fogging= on a*wet*Coastal™Plain?soilyintNotth*Garotina 

caused bulk densities in the 0-15 cm zone beneath the root 
HaGelavyer to) increase by as much) as 50) percent. Mace: (1970) 
found tree-length and full-tree logging in summer with 
rubber-tired skidders caused bulk densities to increase 5 


and 11%, respectively, on sandy soils in northern Minnesota. 


Dyrness (1965) recorded’ soil bulk densities. of 0:60 and 

0.50 g/cm? on undisturbed and slightly disturbed sites; 

0.77 g/cm? for deeply disturbed sites; and 0.98 g/cm*® for 
compacted+ sites (Skid trails) on*a*tractor-logged’ area®in 
southwestern Oregon. Youngberg (1959) measured bulk den- 
Sities) OfPl. S26 tod .58- o/c ein’ the tope6lanches®and 1. S94to 
1:73 g/cm? at 6- to 12-inch depths’on tractor-road surfaces, 
elsopine Oregons BY comparison, bulk densaties inj thesroad 
berm ranged from 0.88 to 1.05 g/cm*. The author considered 
that part of the increase may have been due to the naturally 


higher bulk densities of subsoil layers. 
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Mace, Williams and Tappeiner (1971), comparing the effect of 
winter logging with rubber-tired skidders by full-tree and 
tree-length logging systems, found soil bulk densities in 
the surface two inches of soil were 0.4 to 0.5 g/cm® greater 
in heavily-disturbed than in lightly-disturbed areas for 


both systems. 


Bulk density tends to increase with increasing traffic use. 
A survey of nine Atlantic Coastal Plain sites logged with 
either rubber-tired skidders or crawler tractors showed soil 
bulk density increased and infiltration rates and air space 
decreased with increases in logging traffic intensity 
(Gatchell i. Ralston andsFoil, 1970).. Mostvofethe,ancrease in 
bulk density occurred in the first two passes of the logging 
machinery, and for most locations 90% of final bulk density 
was achieved after four passes. Campbell, Willis and May 
(1973) reported the bulk density of a Georgia Piedmont soil 
mere osedutronad. o4ato., l. Jao) cn patterp one, pass, = tomas 


g/cm? after ten passes. 


Soils tend to be compacted more rapidly and more severely 
when wet than dry. Medium- to fine-textured soils tend to 
SUiterethe most severe compaction, particularly whengsoil 


MolsGuremcontents are at or slightly belowsthe level sneld 
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Zum UL mor Kr aNOUPCensl on benryeand Campbell. 98d ea Bulk 
densities or wet, 'siltyaloam soils*increased by 153 and 
macroscopic pore space decreased by 49% in the 0- to 2-inch 
layer=ase theeresulteot hugh trattic: intensities: (Mochrang 
ande Rawls. aslo 0) == Hatchelie Ralston andurorl 9(1970) > adso 
concluded logging on medium- to fine-textured soils during 


wet weather resulted in severe soil compaction and puddling. 


High soil bulk densities may persist for several years after 
logging (Adams and Froehlich, 1981; Froehlich, 1979). 
Froehlich (1979) reported 16 years after logging, soil bulk 
densities’ at 9- and 12-inch depths were 18% and 9% greater, 
TeESpectrves ye* on Isikidertranl sa than in adjacent undisturbed 
sols’ of an Oregon ponderosa pine stand. Dickerson (1976) 
reported tree-length logging with rubber-tired skidders on a 
nOmuietny Mississippr site caused soil pbulk densities ain 
wheel rut areas and log-skidded areas to increase by 20% and 
10%, respectively, when compared to bulk densities of ad- 
jacent undisturbed soils. Recovery was gradual; five years 
after logging, bulk densities of skid road and log-skidded 
soils werelstill’ 11% and 4% higher, respectively, than those 


or undisturbed *sorls. 
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In a study in northern Minnesota, sandy soils compacted 
during tree-length logging with rubber-tired skidders showed 
a significant decrease after the first winter, whereas soils 
compacted during full-tree logging did not recover signi- 
ficantly (Mace, 1971). The decrease in bulk density under 
the tree-length system was attributed to increased soil 
freezing, reduced vegetative growth due to heavier concen- 
trations of slash, and to a smaller degree of initial com- 


Paction (52, comparedsto 112 sunder. thea full-tree. system). 


Several researchers have reported reductions in tree growth 
rates that reflect, to some degree, the effects of soil 
compaction from logging activities (Froehlich, 1979; Hat- 
chell et al., 1970; Moehring and Rawls, 1970; Smith and 
Wass,..19/9.,51980;. Steinbrenner, and, Gessel,.1955:>, Youngberg, 


EL. 


2352 »limber Harvesting and, S011 Erosion 


Even if the physical processes governing erosion were 
incompletely understood in light of today's knowledge, 
foresters very early recognized a strong link between 


timber harvesting and soil erosion. A good example is 
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provided by McCallie (1922), who ascribed severe gullying in 
northern Georgia to removal of timber on gully slopes. 


Numevoussother studies have made similar observations. 


DOL imcrOsiOns rates under forest cover are generally lower 
than under other types of ground cover (Eschner and Perout- 
ky, 1981), but increase above natural levels when a water- 
shed is disturbed by activities such as timber harvesting 
(Anderson et al., 1976; Fredriksen, 1972; Gibbons and Salo, 
Pop oemMetalian tov, 1975, 91977). The links connecting 
timber harvesting, soil erosion and soil disturbance 1s 
Sec metmlyecxpiained by Patric (107 6)ee. Inga reviews or 
Deweineitsliterature, the author cites supporting evidence 
cComsvowechateundisturbed forest soils are able Co; absorb 
VintudibverdtlWeprecina tation, thereby almost  climina Ging 
Overlaiastilow, the principal mechanism fox soil erosion and 
PLansportewe [terollows that) sorl, erosion trom iopsedtareas 
Can only come from disturbed sites such as haul roads and 


Sc rdst rant Ss 


Prosioeineexcess.ot natural: levels = “accelerated erosion” 
tay Getlect increases in three kinds of erosion => channel 
SCOUT wliassmwasating seand Surtace erosion. Accelerated 


erosion from logged sites is usually considered to be due to 
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increases in mass wasting and surface erosion. Swanston 
(1971) considered mass wasting to be the dominant form of 
erosion in western North America. Relationships between 
timber harvesting activities and mass wasting processes have 
been extensively researched and documented in this region. 
However, numerous researchers have documented through water 
quality studies, erosion-plot studies and general observa- 
tion that surface erosion processes can also cause serious 
soil losses from logged sites (Bethlahmy, 1960, 1967; Brown 
and Krygier, 1971; DeBydlegand Packers el0VesDackersonbeloyose 
Fredriksen,41970;aHaupt,;.1959as Megahan; 1975,'1978;-Megahan 
andeKiadd, 1972a:sPacker,.1967;iPackersand Haupt, 1965; 
Reinhart, Eschner and Trimble, 1963; Weitzman and Trimble, 


1952). 


The basic principles and processes of surface soil erosion 
aneswellfestablished;: »This research; has,lead to the develop- 
ment of.a variety of surface erosion models of varying 
degrees of complexity. However, most of the early studies 
(andemanvhofathesmodels) have an agricultural perspective. 
Iwo. aSsumpLaoOnstimplicitiinemuch ofpthismworkelimiteextias 
POlataonito forestimanagementepractices. 


(i) the research usually applies to very 
PeliimeRsLOpEs ; 


(ibleeesoOtl cover iS usually assumed te be absent. 
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EpoOstoneresearch on forest anderangeland.soils tends to give 
more emphasis to the effects of slope and ground cover on 
CYOslOUmt ates 4 Sediment routang.is anothersimportant laspect 
Ofywaldlandserosion. processes... .As_Cromack et al... (1979) 
SLALCS - 
"Soil/sediment movement through ecosystems is viewed as 
a series of storage sites linked by transfer processes 
itn .. TO assess management impacts on soil loss and 
sedimentation one must understand this soil/sediment 
routing system and identify major processes and storage 
sites on-land and in streams" (page 450). 
Surface erosion is negligible in undisturbed forests because 
Bitters andeduttslaverss contributes to, ini ltrationsrates far 
in excess of natural rainfall intensities, thereby minimizing 
the occurrence of overland flow (Megahan, 1976; Patric, 
tor7 6) a4. Lowdermitk (1930)... in. anidinvestigation. into, the 
Miuicnce ota datter cover.on, the hydrologic characteristics 
of a soil, compared amounts of surface runoff and soil 
erosion for litter-covered and bare (burned) California 
feonestesOuds., Runoff was 3.7 times: greater and soil) erosion 
18.1 times greater on the burned as compared to the unburned 
DLOts.. Jhesauthor concluded, 
"a)\ rorest litter in, these experiments. greatly, reduced 
Sul Ic Taertinore, particularly in* the: finer, cextured 
SOd (see andethismind luence, continued, long atten othe 
Pitter was completely saturated,” and (2) Destruction 
Of tthe,ditter: and. the consequent, exposures of the soil 


greatly increased the amount of the eroded material and 
Feduceds thes absorption gate. Omihensolle | page 100). 
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Studies on the effects of timber harvesting on soil erosion 
rates usually identify two sources of sediment - roads and 
logging. Road-building (both haul and skid roads) is gener- 
ally regarded to be the most important of the two (Anderson 
Cigale weLo, Ose rredriksen.. 1070-51972; Haupt andskiddew 19605¢ 
Mevahan, 197604.197/7; Packerzand)Christensen,. 196434 Patric, 


LO7O:aPatrac and. Kidds_ 1981%.,Rothwell,.19719.. 


A study in west-central Alberta reported a logging road 
contributed an average of 816 pounds of sediment per .day at 
a stream crossing during a week-long, 24-inch rainfall, 
twice as much as nearby seismic lines (Canadian Forestry 
Service, 1974). Sediment discharge following construction 
ofa. logging, road,along. the. south, fork of, Caspar,Creek.in 
northern Casirormia was.moresthan, fours times, preconstruction 
levels during the first winter and slightly above precon- 
struction levels for the subsequent three years (Krammes and 


Burns,s 197/5,).. 


Hoover (1945) identified skid roads as a major source of 
sO0il erosion on logged sites in western North Carolina and 
Pureheredascovered that most of, the soil Joss occurred 
iriiemloveing. i [rimble and Weitzman) (1953) ¢toundssoid 


erosion from skid roads in a West Virginia study increased 
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asrsteepness, @léengeth} andsusecofheskid roads fincreased fyand 
also concluded that erosion was much greater during than 
after skidding. Dickerson (1975) reported that an average 
of 14.79 kg of soil was eroded annually from skid trails of 
various lengths (7 to 55 metres) and grades (9 to 35%) in 
northern Mississippi, compared to an average of only 0.18 kg 
of sediment per year from adjacent undisturbed plots. 
Rinstsyeandenosion trates;,o£s0337 inchesefrom skid jtnails a50 
feet long and having 5% grades and 1.16 inches from skid 
trails 250 feet long and having 50% grades were measured on 
the Fernow Experimental Forest in West Virginia: (U:S. Forest 
Séryuice si h95s )vacby comparison, tHetherington 61976) jattrib- 
uted slight increases in suspended sediment levels following 
partial logging of a small watershed in the Okanagan Basin 
of British Columbia to an effective buffer strip, winter 


logging on snow, and gentle (25%) slopes. 


Several other researchers have observed but not measured 
significant erosion occurring on mineral soil exposed by 
road-building (Garrison and Rummell, 1951; Smith and Wass, 
1976 ;RHantsogsand Gonsior nl 43; sHadupty cRickand andhFinn; 


1963). 
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Hornbeck and Reinhart (1964) compared the effects of four 
timber harvesting practices (clearcutting, diameter-limit 
cutting, extensive selection cutting and intensive selection 
cutting) on water quality on four gauged streams in the 
Fernow Experimental Forest, West Virginia. The drainages 
were all tractor-logged; no haul roads or landings: were 
built within the experimental watersheds. Skid road quality 
also varied among the harvesting treatments: unplanned and 
uncontrolled in the commercial clearcut; water bars only 
installed on skid roads used for the diameter-limit cut; 
preplanned with skid roads away from stream channels and 
Wiens taxinum crades* of*205" for® the® extensave* selection? cuc; 
and preplanned with maximum grades of L0%* for the’ intensive 
Seleeei0n cut+= Water? turbidity*readings taken*durang 
logging operations demonstrated the importance of planning 
and maintaining skid road networks as a means of maintaining 
water quality. Maximum turbidities of 56,000 and 5,200 ppm 
were recorded for the commercial clearcutting (no controls 
on roads) and diameter-limit cutting methods (use of water 
bars only), respectively. By comparison, turbidity readings 
for the extensive and intensive selection cuts, both having 
carefully planned and constructed skid road networks, were 
BiORands25*ppm, respectively.’ “intiltration=rates*on= skid 


road surfaces averaged 3 inches per hour whereas those of 
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the adjacent undisturbed forest floor were 50 or more inches 
perm ihour. piRate of soil loss decreased rapidly to negligible 
levels in the second year after logging operations were 
completed for the commercial clearcut and diameter-limit 
cuts. The authors attributed the rapid decrease in apparent 
evosmon ctor rapid "revegetation and the» development of, erosion 


DaMeniciits atmathiews tony gsorlsmot thesskid roadwsurtacest 


As partvof the»same study, Reinhart (1964) found overland 
flow was negligible prior to cutting. After clearcutting 
overland flow was observed only on skid roads. Infiltration 
rates off the skid roads were affected very little by log- 
ging, but were lowered considerably on bulldozed skid road 
Stmeages mepabterculaniy, the track yareas @ aihesauthorgalso 
felt the skid roads intercepted substantial subsurface 
seepage flow and converted it into overland flow, accentu- 
ating the effect of inadequate infiltration rates and 


increasing the quantity of overland flow. 


Felibainigeandtyardingsalsohinereasewerosion rates but othe 
Gangeéssof.increasiés, up to*about five times natural levels, 
are much less than those reported for roads (Brown and 
Krygier, 1971; Fredriksen, 1970; Megahan and Kidd, 1972b; 
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ging and road development in western Oregon would increase 
sedsmentsproductionibysabfacton ofdfouns ofewhich 80%mwould 
be due to roads and 20% to logging. In a study in the Idaho 
Batholith, Megahan and Kidd (1972a, 1972b) reported logging 
alone caused erosion to increase 1.6 times natural levels, 
while logging plus road-building caused surface erosion 
rates to increase by 220 times. Another study in central 
Idaho reported logging significantly increased soil erosion 
rates on southwest aspects but not on northeast aspects, 
probably due to lower levels of surface cover on southwest 


exposures (Bethlahmy, 1967). 


Sediment transport away from the erosion site is governed by 
several factors which, to‘varying degrees, influence the 
amount of sediment;that reaches the stream-channel.»-In«a 
statistical analysis of several northern California streams, 
Anderson (1974, 1975) reported streamside roads caused 
sediment increases of 690 percent. Hetherington (1976) 
observed fine sand-sized sediment was filtered out of runoff 
by buffer strips along the streams in a study in the Okana- 
Gan ibasan. 16irimble and. Sartz (1957) found length of sedi- 
ment discharge from culvert outlets on the Hubbard Brook 
Experimental Forest, New Hampshire, was correlated with 


culvert spacing and age, road surface condition, road steep- 
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ness, and topography below the culvert outlet. Haupt (1959b) 
found good correlations between sediment movement from 
logging roads and the presence and number of slope obstruc- 
tions (logs and slash), distance between cross ditches, road 


gradients, and the slope length of road embankments. 


Many studies report surface erosion rates decrease from very 
high levels initially, to usually a few times above predis- 
turbance levels within a few years. Megahan and Kidd (1972b) 
reported 84% of the total sediment measured during a six- 
year study in central Idaho was produced during the first 
year following logging and road construction, and rose to 
93% by the end of two years. Dickerson (1975) observed a 
similar trend on skid trails in Mississippi, while Hoover 
(1945) and Weitzman and Trimble (1952) noted soil losses 
from skid trails were highest during logging operations and 
decreased thereafter. Erosion studies on logged and burned 
sites in western Montana also showed surface erosion rates, 
very high during: ther first) year ,* hadedecreasedu tognegligible 
levels after four years (DeByle and Packer, 1972; Packer and 


Williams; 9go) & 


Megahan (1974a), modelling surface erosion rates using data 


from four erosion studies, proposed the observed time trend 
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could be described by a negative exponential function that 
incorporated the geologic erosion rate, an estimate of the 
amount of soil available to erosion processes, and an 
exponent that varied with site conditions. Leaf (1974) 
reported thegmodel vakso suitedidata sirombaicentral+Golorado 
study. Possible explanations for the sharply-declining 
trend are revegetation of disturbed surfaces (Dickerson, 


1975) and "surface armouring'" (Megahan, 1974a). 


2.4. Summary of Literature Review 


The literature review of timber harvesting and soil distur- 
bance, soil compaction and soil erosion demonstrates the 
following points: 


1) In general, groundskidding logging methods 
generate more soil disturbance than cable yarding 
systems, which in turn generate more disturbance 
than aerial logging methods. 


2:) Haul roads and landings, common to all logging 
systems, are probably the primary sources of 
exposed mineral soil on cablé—-logged sites. Skid 
roadsearesansadditionad«andyprobably major source 
on groundskidded sites. Yarding disturbance is 
aibsoecommon, tosalidasystems,fbuteis cenenaddyea 
minor component of total disturbance. 


5) EBbtects of season Of Logging and slope steepness 
on disturbance levels are poorly defined for 
groundskidding and cable logging methods. 
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8) 


9) 


10) 


Areas of compacted soils are closely associated 
With areas disturbed by haul roads, landings and 
skid roads. Soils under yarding roads may also be 
compacted but generally to a lesser degree than 
road surfaces. 


The degree of soil compaction varies with soil 
texture, soul) moisture condition, and intensity of 
train Guuses VeAsmanruler;  sorigbulkidensity, in; 
creases as soil texture becomes finer, soil mois- 
ture content and traffic use increases. Most of 
the compaction occurs during the first few passes 
Oil Oven vata taace 


Compacted soils exhibit reduced pore space and 
infiltration rates, and poorer survival and growth 
of trees. The effects of compaction may persist 
for several years. 


Surface soil erosion occurs at near-minimum 
levels under forest cover because litter and duff 
layers have infiltration rates far in excess of 
naturalvraintall Vintensities*®) As a resultwover- 
Lands CLOW athe spOrimaryw Causcmotesurtace erosion, 
is minimized. 


Timber harvesting increases soil erosion and 
sediment production rates. Overland flow of water 
on disturbed surfaces is responsible for these 
meneases:. 


Both road-building and logging cause increased 
sediment production. Roads are generally the 
major SOuUTCesOLMeroded esol. BELOSsTOn oniskid 
roads can also be severe as long, steep gradients 
Can ConceneratemsSurtacceTunoii, andeimereases dus 
erosaven DOWER. 


Erosion rates are highest during and im- 


mediately following logging, and decrease rapidly 
thereafter. Reasons cited for the rapid decrease 
in erosion rates. are surface armouring and revege- 
taelonmeotedisturbed suriaces. 
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See LUDYSMETHODS 
Soll,  Iieved amo biarel 


This study took place in the Nelson Forest Region of south- 


eastern British: Columbia’ (Figure 1). 


ThesNelson Forest Region is#a mountainous area and lies 
within the Cassiar-Columbia Mountains and Eastern System 
physiographic regions “of ,British’ Columbia (Farley, 1979). 
From west to east the Nelson” Forést Region encompasses parts 
of four major mountain ranges: the Monashee, Selkirk and 
Purcell Mountains (all within the @aasiay-Columbaa region), 
ands the pRocky \Mountains (Holland, 1976; Backson, 1976). The 
Monashees, Selkirks and Purcells consist of sedimentary 
rocks of Proterozoic age with areas of younger metamorphic 
and igneous rocks, while the younger Rocky Mountains are 
primarily sedimentary rocks of Paleozoic age (Holland, 


97 6).3 


Rewmiereincreases tromesouthe to north. Valley bottoms lie at 
BU0mtonoUUsmetres and SUMMItS at 29100 to7Z 300 metres an 
thessouthey, inthe northern parts the valley floors are at 
B0UstOnoUU™metres while the SUMmits are Z°5UU to 5 1500 


metres in elevation. 
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59 


Climate is strongly influenced by the range in relief and 
the northwest-southeast orientation of the mountain systems. 
Temperatures, become) cooler and precipitation increases from 
SOuthmtOsnonth .» Precipitatvonsextremes: anes particularly 
pronounced. Mean annual precipitation in the Rocky Mountain 
Lrencnscangese trom 50 stoed40ucmainathe, souths to. 100 foe 150) cm 
in the north. On the windward slopes of the Monashees and 
sélkirks annual precipitation is 40 to 50 cm in the south 
andgloUsto.250ecmson more -insthe north.» Snowfallelikewise 
incheases LrOolesoutheto north eand i1seheaviest in’ the north- 


western part of the Nelson Forest Region (Farley, 1979). 
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Clearcuts logged by cable and groundskidding methods under 
"winter" (on snow and/or frozen ground) and "summer" (on 
snow-free, unfrozen ground) conditions, and on gentle to 
steep terrain were surveyed. High-elevation clearcuts 
(above 1 200 metres) were preferred. Candidate sites had 
been logged within the previous four years but had not 


received any post-harvesting treatment that might have 
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alteredethe character and/om extent» of soil) disturbance (eg. 


slash=burning, Scaritication, planting or grass-seeding). 


Groundskidded clearcuts were stratified into three slope 
classeso, lessethans2025. 200m to. 40%, and=steeper, than 40 
percent .-.Gabie-logged sites could» not be stratified: by 


slope as there were not enough suitable sites available. 


PhystcalecesCript1onsrO1 CuLOVErsSmsuIVeyed tom sori distur - 
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Study methods and procedures developed by Smith and Wass 
(1976) were adopted essentially intact so that data from the 
two studies would be compatible. Exposed mineral soil was 
selected as an index of soil disturbance (Bockheim, Ballard 
and Wildangton,, 197530 Smith\andyWass;,. 11976) >. and was) mea- 
sured using a point sampling technique (Smith and Wass, 
1976). Birarsects#weremansledgacross™ theecontounseto inter- 
peCtmiauleroddseand) Skids Todds ccc LeuLe 2)...  Whenemone 
than one transect was needed to obtain the desired number of 


Eamples points, ithe stantane  poinu on thessecond» transects was 
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located by offsetting 50 to 100 metres from the end of the 
first. A compass bearing was then chosen so that the second 
transect would parallel or diverge from the first. Subse- 
quent transects, if needed, were located in the same manner. 
Sample points were spaced two metres apart. A sampling 
ijtensity of 15 to 20 points per hectare was selected as a 
target, although it was exceeded on some of the smaller 
clearcuts. A minimum of 400, and preferably between 700 and 


900, points were sampled on each clearcut. 


FIGURE 2. Soul disturbance survey transects 
on a groundskidded clearcut. 
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Sample points were described according to the criteria 
developed by Smith and Wass (1976). Each point was char- 
acterized as “disturbed” (mineral soil exposed), “undis- 
Curbedum (mineral sso1benotaexposed on other (non-sorl 
auea me Uisturpedspointssweremiaentitted by depth @light: 0 
COu om Chi smcCOpiee ou LOWZOm Cit mVvenye deep mores tant 2owcm);) by 
source (haul road, skid road, landing, or yarding); and by 
VOCatroOns 1 meOn whale rodads-skiduroads, or Jandings, (sidecast, 
road surface, or cutbank). "Other'' points included stumps, 
windfalls, logging slash greater than 5 cm in diameter, and 
TOCcKSmoreatemi than 2Zoacm in diameter. VAmpoint classed as 
"other" but located on a disturbed surface (eg. a piece of 


Slash on a landing) was further identified by its location. 


Examples of light, deep and very deep disturbance are shown 


inp FriguresS. 


A point sample that did not fall on exposed mineral soil or 
meet the criteria of the "other" category was classed as 
"undisturbed". This included points where the duff was 
disturbed but the mineral soil was not exposed. Intimate 
Mix tuLess on dlutteandumineralysorlewere, classed as* light" 


SOL lrads turbance. 
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PP GUR Ear Examples of light, deep and very deep 
SO LLC Stusbancer 


ae slight distunbance (skidenoad).: 
b. Deep disturbance (skid Toad Jin 
c. Very deep disturbance (skid vead)- 
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Light 
disturbance 
(skid road). 


Db. Deep 
disturbance 
(skid road). 


Co very asep 
disturbance 
(skid road). 
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porlydtsturbance in total or for specitic sources Oredepth 
classes was expressed as a percentage by the following 


Eerationsin1p: 


ee _ (number of disturbed sample points) 
Co total number of sample points) uae: 


Sere OL Oca GLSt Lica le Methods 


Two Analysis of Variance (ANOVA) tests were applied to the 
SOjaly dis turbancesdata «(Zalik .197,.6)tuelbachs anal ysaismin volved 
a 4-way classification of the data and employed a randomized 
block design with uneven subgroup sizes. The basic unit of 
data used in the ANOVA was percent disturbance per depth 
Gitte Sean mune sbuihk. “of sthessunveys datasste pe joutside of the 30- 
Om) U-percent range, SO it) was necessary to normalize the 
data by applying an arcsine percentage transformation, 
which converted percentage to degree data (Zalik, 1976). 
(The standard error of the estimate is strongly correlated 
to the size of the percentage for data outside the 30 to 70% 
Lange, Appendix [Il (pp. 186-190) provides tables of raw 


ands tnanstormeds data,as. used! insthese analysiess 
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Analysis 1 grouped the data by source of disturbance, season 
of logging and logging system. This analysis, which com- 
pared cable-yarded sites with groundskidded blocks, was 
restricted to clearcuts having average slopes steeper than 
20% to reduce the disparity in terrain conditions between 
the two logging systems. The comparison tested for sig- 
nificant differences between methods and seasons of logging, 
as well as for differences between the two logging systems 
in terms of source contributions to total disturbance (ANOVA 
Tablej 1IV-1,, Appendix IV, page 194)... Analysis 2 grouped the 
data by slope class, source of disturbance and season of 
logging. This analysis tested summer and winter ground- 
Skiddedesites for interactions between slope and season of 
logging, source of disturbance, and depth distribution 


(ANOVA Table IV-2, Appendix IV, page 198). 


Means stor all statistically-significant main effects and 
interactions were compared using the Newman-Kuels Range Test 
(Hicks; 1973). Complete Range Test analyses are presented 


InBAD DeRCa Xe LVN (Dpwelole = 201). 


Unlessmstacedsotherwise, all results descrivedminetiec 
fol bowine edisGussion are statistically (SigniticanG at aggo, 


confidence level. 
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Seo Ter aly si smor SO 1d Properties On okid Roadvourraces 


Seok. selection or DEUC Veo Lees 


Theveriteriaeused@tosseleetuthnemtwo sites fox thisyphase, of 
the study were as follows: 


(a )) differing soil textures (preferably one 
fine-textured and the other coarse-textured) ; 


(11) summer-logged not less than one year and not 
moremthan three-years previously; 


fie) sunitorm., moderate tomsciteep s.opes, 

(iv) similar logging equipment (tractors) and 
logging layouts (systems of parallel, level 
to gently sloping skid roads with steep 
feeder roads to the landings); and 

(v) evidence of mature rill erosion on skid 
road surfaces. 


An additional consideration was the availability of water 


HeatDveineorder tOelun intalt ha oLOonmces lS. 


ei eae, Study Methods 


fale sSetedtion of*Soil Parameters 


Emphasis was placed on measuring changes in soil properties 


having broad implications for regeneration and growth of 
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trees and surface soil erosion. The properties chosen for 
this analysis were: 

= go} boeken elke 

=eCarpoOnaite COntentsotm soa ld: 

- organic matter content; 

=eEOta le Carboneconten t. 

SEDULKRGeEnS1 Cy 20 fms Ons 


=epalclcCle=sazeearstatbuGionmO resol le sand 
~Elntil trations capacity, of) soil. 


(b) Field Methods 


Five suitable skid roads were randomly selected on each site 
from those intersected by a transect running uphill from the 
bottom of thejclearcut, A suitable skid road had level to 
gentle gradients (0 to 10%) and no exposed bedrock in the 
profile.) The skid road was cross-sectioned and divided 
into six zones (see Figure 4): 

(i) undisturbed ground surface 


(above the cut bank); 
(an) cutebank; 


Goin jeeskids rodd surtracer--" imner track, 
(iv) skid road surface -- center; 
(v) skid road surface -- outer track; and 
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each of the six zones.! Samples were bagged and sealed on 
€olleectionspeSoilepH, carbonate;+content jand organicimatter 
content were sampled at three sites -- the undisturbed 
Surface; -thegbaserof)thercutbank,eand.onethecinner{ track of 
the skid road -- using the bulk density core samples for the 
necessary laboratory determinations. Estimates of pH and 
carbonate content were also made in the field, the former 
using a litmus paper test kit and the latter with a 10% 
Solutionynotghydrochloricracidy »Finally; soil’samplessfor 
particle-size analysis were taken from the undisturbed soil 
surface, the base of the cutbank (C-horizon) and the surface 


five centimetres of the skid road surface. 


Short-termiinfiitration jratesvofither,undisturbed soilesur- 
facevrand theseinner track arearof,theseskid road surface.were 
measured using a double-ring infiltrometer apparatus similar 


EOpthatedescribedybyvLlewrsd(il908 )warl( lind iferedgan thatythe 


an alternative method of determining bulk density was 
alsomtested.. A relatively flats area was levelled, then 

a small hole or trench was excavated with a trowel and 

the excavated material retained for weighing. The pit 

was lined with light-gauge plastic and the volume of 
water required to fill the hole was measured and recorded. 
This method was easier to use and more reliable than the 
core sampler in very coarse-textured soils, but in medium- 
to tine=textured’ soils" both techniques* produced acceptabie 
Tesulto whe, core.sampler, Deing taster )to. use {awas 
theretore preterred, 
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inner and outer rings used in this study were 10 and 18 
incites, respectively, compared to 12 and ZO" inches im Lewis 
study.) The tests were originally intended to be three-hour 
constant-head tests but this proved not to be feasible. 

Lack of nearby water supplies and lack of road access to the 
study sites limited the amount of water available for each 
test, while the perviousness of the soil determined the 
duration of each run. On the most pervious soils this was 
less than 20 minutes, not long enough to provide a mean- 
ingful value of infiltration capacity which in normal usage 


Poecetaned tor iperiods of one: hour or longer. 


However, tne Variable of Interest in this study was the 
reiatmve dgirerence in intviltration race between’ on-road and 
Dit—road sites, not an absolute value for each. A» Standard 
procedure was therefore developed to permit this comparison. 
After removing litter and duff layers and preparing a level 
surface (necessary for off-road sites on steep sideslopes), 
the two rings were driven into the ground to a depth of 
about 10 centimetres. Water was first applied to the outer 
Pifomcicrtirci@lOMtiiCwlineterinvs COed UGpul, Ota om Lom. 0 
centimetres. Water was added occasionally to the outer ring 
while sediment was allowed to settle for 10 minutes in the 


fovewering. | [hen the inner ring@was tilled to ception 2orcm 
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above the soil surface. Head loss was measured at 2)-minute 
intervals for periods of up to 2 hours on the least pervious 
soils. On a few rapidly-drained sites it was necessary to 
refill the inner ring occasionally when the water level had 
dropped to 10 centimetres. During the timed runs the water 
level in the outer ring was maintained at approximately the 
Same level asthe inner vind albus process, was continued 
until the water, supply was exhausted. The run of shortest 
duration, which set the basis for comparison between on-road 


and off-road sites, was 15 minutes. 


It was felt this procedure would overstate infiltration 
rates because the high pressure head would exceed natural 
driving forces. Differences between on-road and off-road 
sites would be somewhat conservative, however, if (as ex- 
pected) water drained more rapidly on off-road sites: over 
the duration of the run off-road sites would experience an 
overall lower average driving force through greater head 
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Rill erosion was documented on all skid roads intersected by 
thestransect.. Fach rill wassmeasured frome us initia Guo 
DOintatop 1 ts outlet and broken downsintosscementsS sot junitonm 
slope. Rill width and depth was recorded for the beginning 


and end of each segment. 


stunin- gi ts Gexuawom @aw eeol beeh oat 

exoivreq resol sf mo emmod $ oF gu to ipitipisibbh cs : 
of incesuan anwa encte bon tarh~ebiqes wet aia0 ,2kipe! 
bs Toval tekaw wrk node YLtecoizstoo galt yenat edt, a 
totsw 307 eat bameP BAT gnival .eatsemizae2 OF od beqgoth — 
okt eloawaixegegh td Batinrminn eee gate, xosvo ed mi Teyet 
boupisaas zaw eetnetq ebdl qnit tagak odd es, level omse ry 
teatzoite in nus fT ,bodevedne eew viqque tetsw edt Lisa 

pROU= 16 decors hang Fh toi gbesd ody toe coidw +otsstyb 
Re FUME tt, oaw ,eetie beor-tio bas Fi 


i 


“yhet of 

sofsnva lida: stetetevo. Hiwiw, oxubesz01q eidt ‘sist eaw at 
iatrwdse k6Soxs biyot abel etunaeng igid sit eausood 29357 
bayt-2tteo bos beut~te agowtad vgpmeret3id .2ent01 .gaivigbd 
“= @9) Ui  te¥swod ow Ponytsado teiiwemoe od bivow eerie 
“940  eaiie beot-Tio ao “lbiggy stom benisth rstuw (betseq — 
ap sansiraqss biuow 259 be inners 349 sux edt to aoissiub odd | 
bred qatserg dguords ovrck gabviwh sgatevs towol Ifeteo 
—_ 


<i biibenanalen ion 9a an i 
Kok twer dat a38 ost Lemeson aay May dae .t9eeaet2 odd 
activ 26 eivisayed otai nwol maton Bae gels 224 07 AAleg ” 


trioaiand sky woh Sobaesay cow digo bak ABAD IUR, ARMAS | 7 
. 


a 


52 


(c) Laboratory Methods 


Soil pH was estimated in the field and measured potentio- 
metrically in a water-soil solution in the laboratory 
according to methods described by McMullan (1971). Organic 
carbon was determined by the dry combustion method 

(McKeague, 1976) and cross-checked during carbon content 
analysis by sulphurous acid treatment (McMullan, 1972) 
followed by freeze-drying and dry combustion. Soil particle- 
Size distributions were determined by dry-sieve analysis 
followed by hydrometer analysis of the minus-#40 fraction 


(Bowles, 1970). 


Oy oy oe Statistical” Methods 


AnalysisS*ofeVariance tésts were applyed®*to each®of*the?soil 
parameters to test for differences within the skid road 
cross-section as well as between study sites (see Appendix 
VV pee 702) Te eThetcomplexityofsthe Bl6ck¥désign*depended 
upon the number of sampling locations being compared, which 
ranged from two to six. Newman-Kuels Range Test and the 
Student's t-test were applied to determine differences 


between means (Hicks, 1973; Walpole, 1968). 


a 
at 
ie she 
BAe 


‘ 


yi << & mn 7 ; 
: ey | 


-_ ao, 
tao ye 

-otinesay betiesem Bre bis? oy aii be . iniRe 
cred stodus qu ml angssioe Lioe~Eezaw's oi YI 
ofang?® .{PteELy nabfidte yd bedi 
baitteom hot tamdaes chat eh 
detest WOD ‘goftso Geiss (aise eae 
(Qe4 .nativlioM) SaomteeTy bios evoTudqis 
-slaidredy fio? HOTS zCeHOS qh bas ‘atsienaa ne 


steviess svolbe-yTh yd Leinrezeb stew enoituditsel 


nortzet? Gbt-euntn eft io vteyLens sezsmorbyd Yd £ 


bet if 4, 


ifoe sft Yo dose of BetIqga stew 2t297" eineEtEV to! 2k 
beor bide siz afitiw esorervstthb sot test ot eTessme mt 
. =a 


zibneqqA vez) eetie ybute asawied es Ifsw ee 4 
bebnsgeb agizeb Arold eft to saunte version — 
doidw ,boteqmes gated znottaz0!l gatiques 10° oa 
ogo fers Pee? ogra 2foul-raawet accion’ ? ee 
ve e 


ae a 


a. oe 
© i 


‘gooneis¥HEb enimrsses of beilgge erew sedr-2 2 *aqSbUIE | 
yeaa yetoatow 0 ess i 


: a 


4. RESULTS 


Apa Descriptions of sotudy Areas 


Ale eee oO Li Di Sturnbance Surveys 


Thirty-one clearcut blocks were surveyed. Twenty-five were 
logged with conventional groundskidding systems (mostly 
tractors) and six with cable (highlead and grapple-yarding) 
Syvsoccnsce (ScemAnpendixs Vismepe,clZee torearullersdescriptionss on 
highlead, grapple and skyline yarding systems). At least 
three clearcuts were surveyed in each grouping (season/slope 
groupings for groundskidding systems, season only for cable 
systems). Suitable groundskidded clearcuts were more 
abundant than cable-logged clearcuts. Winter-logged ground- 
skidded clearcuts were most plentiful, reflecting the dom- 


inant robeyot winter MWogging inwthe Nelsonprorest Region: 
bocations as theysampiled clearcuts pane sirown ine Pigurems . 
Physicadydescriptions of each site wane summarized in Appen= 


discs Die pee L844) & 


Glearcuteclevations ranved.  COmec On tO lL oyu meuresmanld. 


averaged 1 360 metres. Average elevations of groundskidded 


a0 


: a 
’ fae 
AA PATI 
es may Agasisl Reta 


otew oVi2 enaw? -bave vane eves aloo swatel3 
¥hizpm) -noseye aaibbysebnuony, Senabsaewnen At 
(gnoibuan~oleqee! Bis breddgity claite date zie baa (2 
to enolsatagesh tafied ee, gubt yp PY 0th | | 
Senet tA . Cetateys jethuny strifxte bose olaqet2 
eqole\iozsaz) wrEquoty Aeraonl beysviwe STOW 27 . 
aides 16% Vino nozRee negate, palbbidebauorg Tox 
att erow esuyotesis bebh i tebasorg aldsrine 
- baafe te Beane -taankW .2tus eel beggel-ofdag matt: 
moh at unbtaslte: ; hallinta teem etew etuotsefo 
.neigeh yasvod Aoztev! str ni yeigged 
is a + Gow 
2 gsumid ot awode o%o etuSresto Ao fqeae att 
-maygh mi bosbresigue s20 otte sive Re gnodigttozsb Le: 
5 ie AML : 
7) ‘akg 4% core 


hae: he ea 


babhiiehnsory 20 atorsawate ogeTevk. a 


Study Site 1- 
0506 
Quartz eae “0507 
“e 


0502-0 oe Golden 
0503 
Revelstoke 


Study Site 2- 
Rock Creek 


OCreston 


FIGURE 5. Locations of clearcuts surveyed for soil 
disturbance and skid road characteristics, 
Nelson Forest Region. 


54 


5) 


clearcuts were 1 390 metres for summer-logged sites and 
1 360 metres for winter-logged sites. Elevations of cable- 
logged clearcuts averaged 1 200 metres for summer and 1 400 


metres for winter. 


The Englemann Spruce/Subalpine Fir biogeoclimatic zone 
(Krajina and Brooke, 1970) was well-represented due to the 
preference for high-elevation study areas. Clearcuts were 
also sampled in the Interior Douglas-Fir and Interior 
Western Hemlock zones,.and'in transitional ‘complexes between 


these and the Englemann Spruce/Subalpine Fir zone. 


Average slopes for individual clearcuts Gangedecuromise2tto 
74.2 percent. Slope ranges and averages for winter and 
summer groundskidded clearcuts were similar (5.2 to 52.4% 
with a class average of 27.0% for winter-logged blocks, and 
12.8 to 48.3% with a class average of 29.8% for summer- 
logged blocks). Cable-logged clearcuts had a narrower range 
and higher average slope gradients (32.1 to 49.4% and an 
average of 40.8% for winter cable-logged blocks, and 50.0 to 
74.2% with an average of 61.6% for summer cable-logged 


blocks). 


bne votre acim: vot 


-sids> to eno tdsvel® .#otie t 
OOb 1 ban Tome cob eentom OOS 


Snos si tendiagagold “46:4 
ad 03 oYB basddaganeer iow) Bi ward 
toy 2iusisolD): -2agTs bute mrt 


qzoj71Sta7 DES ok: 


brs 1S3Hsw Ot — 
Mee Gr S18): rebilese ote btu: 


inte ,edzetd boyyol~rotiaaie 40% 408 a 
terme 20% 26.08, Yo egateen 
sent Tewortsn os bed eviatenats. 
se has f.@h ot-1.8%) cometies 

a2 02 ‘ba eta ES Hampel atdus’ 
beggor=sldso ronnie 10% 4.10 


v 
) 
a. 


ae i. oieesit, Wale 
es 9 eres ee 


Bas 


Ape ee eK ROA Surveys 


Two clearcuts having similar terrain features and logging 
histories but dissimilar soil textures (one gravelly sandy 
loam and one sandy silty loam) were selected for this phase 


of the study. Their locations are shown in Figure 6. 


Study Site #1 (Figure 6a) was located in Quartz Creek, in 
the nowthernerurcellsMountainseapproximately 50) kilometres 
west of Golden, British Columbia. Its biogeoclimatic status 
appeared to be transitional between the Interior Western 
Hemlock (IWH) and Englemann Spruce/Subalpine Fir (ESSF) 
zones, suggesting a 4- to 5-month growing season, mild to 
cool summers and relatively long, cold winters, with moder- 
ate tomhigh? annual precipitation. (50 stor 1 S00;mm, with much 
Of it Beal ineeasesnow),) (Kraganagand Brooke we1970). Under- 
lying *beadrockmrolmat Tons wercmascsca OnedmcOmineeLrOteroz01c 
(Jackson, 1976), and consisted of metamorphosed shales and 


sandstones (quartzites) with some igneous outcroppings. 


The study block occupied lower to middle slope positions, 
Hadsanecast to northeast aspect, .andpan average elévation of 


ipocUemMetrese (about 54400 "Lect in molopeserangedatromes0ce 1i1 


56 


aren 08 . | of = | 
aa a nec 
guizjel bee estdteet piertet tel 1 2 "ow 
ybnse yilsvaty 200) @emtxes [ioe t Lin zz ea pare: | 
sesdq 2id? tod bedoefise srow (meok saseniere si in 7 
.) west ab mote ozs 3 a oe | 
| a” ne, Orta 
nt ,Auov? date) af berecol tan (a0 2 t we 42 bi : 
stomuliz GE yisteamixotgys ecicomuat Ae —— + 7 
euisss oLpetifodagpord asl sna Ho debi 
arstes" -eTtetet ots aobirad t 
(A239) vil eniqdiedde youre conastgud An me 
ot bli ,aoesse gaiworg dseome? Of +85 
-reben ative .2tetetw kta yuadt ale 
ijum ctw ,win O82 2 os B20) soigatbatonteg 
~rehbuli .fOT@L ,oteerd ote sank (awa) (wone ea | | 
srosoxsdot? af? of beagizes cee ae 4 
bre zefede bereonqromaem to petabetes bas os st 
2gneqqetitue audeigt sass Avtw (evaisaraup) 
peat 
.2teisieeg sgeaie eithia of tevel | 
jo nottovels 4gaTeva ap bans ,t29qeE sexods ton of 


nt #02 moxt begawt esqol2 .(0s% 00,2 s00ds) ® 


FIGURE 6; 


Study sites Lor soil properties 


a. Quartz Creek. 
b. Rock Créek. 


a. 


evaluation. 


ye 


Quartz 
Creek. 


@ 


lower sections to over 70% near the upper boundary, and 


averaged about 45 percent. 


Soils were composed of shallow, moderately acidic, medium- 
to coarse-textured colluvium over compact morainal material 
on lower slopes, grading to thin and shallow colluvial soils 
directly over bedrock on steeper mid to upper slopes. The 
soils were tentatively classified as (Podzolic) Gray Luvi- 


sols (Canada Soil Survey Committee, 1978). 


The study block was tractor-logged in the summer of 1975 and 


slashburned in late 1976. 


Study eolte yi 20(Pisure’ 6b)’, “located in the White River drain- 
age approximately 25 kilometres east-northeast of Canal 

Plats PsBritish \Columbia;y was.!sét "in the “Eastern Mar ginal 

Belt of the Canadian Cordillera, just within the Main Ranges 
sub-province of the Rocky Mountains (Jackson, 1976; Henderson, 


1954). 


The study area occupied an open mid-slope position between 
PWOMULUDUtary creeks (Rock and) Elk Creeksjmons thescasteside 


OfathemWiite River. The clearcut had a west aspect andvano 
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aveTagemelevation- ot. IM 2ysemetres 40467002 feet). Slopes 
ranged from 30% to 120% and averaged 47.5 percent. Bedrock 
eConemscedsorm calcareous siltstones and was probably part, of 
the McKay Group, a series of alternating shales and lime- 
stones of Late Cambrian to Ordovician age (Henderson, 1954). 
Its biogeoclimatic setting appeared to be within the Interior 
Douglas-fir (IDF) zone, inferring a drier and warmer regime 


than’ Quartz* Creek” (Krajina and” Brooke,"1970). 


Rock® €reek’ soils: were shallow, strongly alkaline, *medium=- to 
Ine -temeuredecolluvium over a slightly to moderately 
weathered calcareous sedimentary siltstone. The soils were 
tentatively classified’ as Orthic eae Brunisols (Canada 


S011 Survey Committees 1978). 


This clearcut was’ included~-in, the’ soil¥daisturbance” surveys 
asmp lock 0508, Rock® €reek™(see Table i4*pVF oes ine areawwas 
logged with small crawler tractors in the summer of 1975. 
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eee RESULTS “OL SoTlDTsturbance Surveys 


ale ee Genera L 


Mable ltand*®Figure 7 summarize the®soil disturbance data tor 
the 31 clearcuts. ANOVA results for the two analyses are 
presented in Table 2 (comparison of cable versus ground- 
skidding systems on slopes greater than 20%) and Table 3 
(comparison of summer versus winter groundskidding on slopes 
Otenessetnan: 200, 204° to 40%, and greater than =40.).) Ine 
most significant points are: 

Gijeerrome lables: 


ik Groundskidding systems caused 16 
to 18% more soil disturbance than cable 
systems for comparable logging seasons; 


fie Summer logging operations caused 5 to 7% more 
soil disturbance than winter logging oper- 
ations for=ctomparabie™=lorginy systems; 


Sr DiAStGiputions Otesorle das turbances source 
are similar for summer and winter ground- 
skidding operations but differ substantially 
for summer and winter cable-logging oper- 

At LOS: 


4. Haul road-related disturbance is very high on 
winter cable-logged sites (16.6%) compared to 
summer and winter groundskidded sites (8.3 
and 7.6%, respectively) and summer cable- 
logged sites (9.0%); 


ie Landing-related disturbance is more than 
twice as high on summer and winter ground- 
skidded-si-tes--(5+1-and—4-5%;—respectively)—es 
on summer and winter cable-logged sites (1.3 
and 0.5%, respectively) ; 
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Table l. Summary of soil disturbance (in percent) on surveyed clearcuts.? 
ee ee ee ee ge oe Oe ee a ee ee ee eee ee 
SOURCE OF DISTURBANCE 


BLOCK BLOCK HAUL SKID TOTAL SOIL 
NUMBER LOCATION ROADS LANDINGS ROADS YARDING DISTURBANCE 


1. Cable Logging, Summer 


01063 Brodie Creek 9.5% 0.0% 0.5% 11.5% ZA 
0309 Kid Creek 8:5: 15 58) ets 14.8 Wiha 
0404 Campbell Creek bel 6 6.4 Dots) 391.9 

Averages OTs0 Ig 8 Eats 16.4 B55 


S—_—V——__vrrw nn 


2. Cable Logging, Winter 


0102 Grizzly Creek ORO 0.0 6.4 Siae ZOraz 
0106 Shannon Creek Mai 0.0 nEay/ 0.9 AR 9 
0301 Lamb Creek 25D 1.4 0.0 525 28.4 

Averages 16.6 OS thos if Bo) Bibe & 

3. Groundskidding, Summer 

0101 Grizzly Creek 11 68 Lis. 0 Aa2 28.8 
0201 Poplar Creek 4.9 O38 cape 12.6 34.0 
0302 Lamb Creek Deu 15 24.0 <a) 29.9 
0303 Dewar Creek 3.9 4.3 32}. 0 3.4 43.6 
0304 Hellroaring Creek 120) Ti Son L 19.49 63.9 
0308 Rock Creek als) Ont 37.4 4.4 4755 
0403 Lower Palliser River ol 510 WW 6S) DO SOR 
0503 Quartz Creek 2o5) 13) (0 36.4 neal 65.0 
0506 Copper Creek 10.8 So!) Sop LoS 50.4 
0507 Copper Creek Wi a3 Zn 36.0 4.9 6027. 

Averages B25 Sol 28.8 Sie 45.4 

4. Groundskidding, Winter 

0104 Hoder Creek 6.6 0.0 22. 9 3.0 SSo ll 
0105 Grizzly Creek 1S 0.0 35 9 eS S057 
0202 Duncan River 1S Lez 26.9 OR EO5 at 
0203 Glacier Creek 12.70 0.0 15.4 Sak 30.6 
0305 Hellroaring Creek Bes 85.3 32.0 dies pig 
0306 Nicol Creek Al Ore oe) 34.7 0.9 See2 
0307 Nicol Creek 9.4 OS Sil, Zi 44.6 
0401 Lower Palliser River Sry aby a LORS Hig 9) 44.0 
0402 Lower Palliser River DNORES 4.5 SWevo OS S20 
0405 Hall Lakes Paw) 9 a2 ee) io By 8) 
0406 Hall Lakes 4.0 35 dyes ee) L367 
0501 Quartz Creek Wot 8.0 Dey! Mey) 40.6 
0502 Quartz Creek 0 SO S00 0.3 34.9 
0504 Dainard Creek LOS 4.9 28.9 ey) 45.8 
0505 Dainard Creek Li 9) Sin4 SiO RZ 1.0 36.5 

Averages 0 4.3 24.4 4.0 40.4 


a 
(number of disturbed sample points X 100 


d a 
total number of sample points 
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SAMPLE SIZE 10 blocks 15 blocks 3 blocks 3 blocks 
DISTURBANCE RANGE 28.8—65.0% 13.7— 52.6% 21.5—39.9 % 12.3—28.4% 
45.4% 
yarding 
3-2 % 
40.4% 
40 landings 
5.1% yarding 
4.0% 
landings 
4.3% 
30 29.5 % 
= 
Zz 
ies) 
) 
fo 4 
Ww 
a 
l 3 22.3% 
a yarding : 
Vv yarding 
: lea | 
< 20 landings 
= ski 05% 
roads 
a 2.8% 
(=) 
= 
(e) : 
n landings 
1.3 % 
skid 
roads 
MY 2.8 % 
haul haul 
haul 
roads roads 
roads 
° 9.0% 
ae 7.6 % 
0 
SUMMER WINTER SUMMER WINTER 
GROUNDSKIDDING CABLE—YARDING 


FIGURE 7. Contribution by source to average total soil 
disturbance for summer- and winter-logged 
groundskidded and cable-yarded sites. 
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Skid road-related disturbance is almost ten 
times as high on summer and winter ground- 
skidded sites (28.8 and 24.4%, respectively) 
as on summer and winter cable-logged sites 
(223. andi 2a peerespective ly); 


Yarding-related disturbance is very high on 
summer cable-logged sites (16.4%) compared to 
summer and winter groundskidded sites (3.2 
and 4.0%, respectively) and winter cable- 
losved* sipesm(Zio 2 


Variability in disturbance within a given 
logging method/logging season category, 
evthers in, totale Ore in Ones OT moreso © a iktus 
components, is high. The magnitudes of 
within-group differences generally exceed 
between-group. differences. 


Table 2: 


Three of four variables - method of logging, 
source of disturbance, and depth of distur- 
bance - have significant effects on levels of 
soil.disturbance; 


AlLesimple (first-order) sinteractionsethat 
are combinations of the above variables are 
also significant; 


Season of logging does not significantly 
affect soil disturbance (although the first- 
order interaction involving season of logging 
andesource of disturbance siSmsignitacaniye 


Lab eae 3% 


Two cof;four main,eifects «= +ssourcesofidiis = 

turbancesandadepth ofedisturbances-ssicnie 
ficantly, aifect.soilydisturbance gleyelspon 
eroundskidded cléarcutsm(scesalsogmables7 


Three of six ssimplesinteractions, sinvolving 
slope class and source and depth of distur- 
bance, are significant; 
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4, Season) of logging does notusagnizicantly 
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ee eer eC OL Logging Method on Soil Disturbance 


POmstiemciearcuts surveyed inwthis study. logsing swith 
groundskidding systems on slopes greater than 20% caused 
Significantly more soil disturbance than did logging with 
cable systems (see Table 2). Soil disturbance on six cable- 
yarded clearcuts averaged 29.5% compared to 42.4% on 25 
groundskidded clearcuts. Thus the results of this survey 
are consistent with the findings of other researchers, 
supporting the widely-held view that groundskidding systems 


cause more soil disturbance than cable systems. 


Averagestotal soil) disturbance: forvall groundskidded> clear-= 
Citseeresardiess of slope, was only slightly Less than for 
Sroundsktddeqeclearcuts on slopes, ereaters thang 40k percent 

(AZ Aceversus 45.8%)" It theretores seemsylikely ethatesoi 


disturbance is significantly greater on groundskidded than 
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on cable-yarded clearcuts for the full range of slopes 


sampled. 


The 16 to 18% difference between the logging systems is 
primarily explained by skid roads and, to a much lesser 
extent, by landings. However, higher-than-average haul road 
disturbance on winter cable-logged sites and yarding distur- 
bance on summer cable-logged sites have compensated somewhat 


for the larger skid road differences. 


mien atibfrecteof SéeasonsoftLogging ten Soil stirs tuybanee 


On the cutovers surveyed in this study less soil disturbance 
was recorded on winter-logged than on summer-logged areas 
for both logging systems. For groundskidded blocks an 
average difference of 5% was recorded: 40.4% for winter 
versus 45.4% for summer. Minor decreases in soil distur- 
bance associated with haul roads, landings and skid roads 
combined to create this difference. On cable-yarded blocks 
asSlightiyAlargerrdafferencesoftismwas tnoteds s2zu3%qfon 
winter versuss29/5%,for’ summerxetHowevensdthetneductionsgon 
cable-yarded sites could not be attributed to any particular 


source (see Table 1). 
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At first glance these differences seem to support the popu- 
lar opinion that season of logging is a major factor affec- 
Cine, the leveimotrsorledisturbancerpethe statrstaucalianad— 
VSes, 110OWeEMETS CoUnotysuppOrtwEnisavlewlanin thisestudy 
season of logging did not significantly influence soil 
disturbance levels on either groundskidded or cable-yarded 
blocks. In fact, season of logging was most noteworthy for 
its virtually complete lack of influence on any aspect of 


logging method/soil disturbance relationships. 


This lack of seasonal differentiation probably reflected the 
cumulative effect of several variables. I feel the fol- 
lowing were contributing factors in this study: 


i Criteria for stratifying blocks into summer-logged 
and winter-logged units were too broad. Basic- 
ally, a cutover was classed as winter-logged if it 
had been logged between the periods of freeze-up 
in the fall and break-up*in the spring of the 
Following yean.. This didgnotwerrectively saccounc 
for variations in snowpack depth from shallowest 
ineearlvyewinter 0, deepest sinuspring, 


Mi The sample was distributed widely over a region 
noted for its extremes in snowfall, from very 
heavy snowfalls in the northwest to relatively 
light snowfalls in the south and east. 


5t A wide range in operational factors such as type 
and size of groundskidding equipment, skid road 
densities, skidding patterns and cutblock layouts 
was not accounted for when selecting candidate 
sites. 
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4. A Stonitircant proportion of total soil dysturbance 
was influencedyonly slightly, a: at all, by. 
Season Of l1ogoti0o. Por example, Waul roads sand 
landings, which together accounted for more than 
one-quarter of all disturbance on sroundskidded 
Sites and more than half on cable-yarded sites, 
were Usually burle wellein advances? dactilar 
logging and mostly in the summer. In some cases 
skid roads were also built well before the areas 
were logged. 

a8 Haul roads, landings and skid roads required 
Tanger excavations as slopes became Steeper. 
Consequently the protective value of a snowpack 
may have been reduced or negated when slopes 
became steep enough to require operators to build 
Skid etrails. 


It should be noted that one interaction involving season of 
logging and source of disturbance was Significant (see Table 
2). A Newman-Kuels Range Test applied to the eight possible 
means (2 seasons X 4 sources) showed summer logging caused 
significantly more yarding disturbance ‘than winter logging. 
MWiswatiteGLence, almost certainly retlects@the nigh level or 
yarding disturbance associated with summer cable logging, 
since in the second analysis yarding-related disturbance did 
not differ significantly between summer and winter ground- 
Skidding operations (see Table 3). Yarding-related distur- 
bance on summer cable-yarded units constituted more than 
hole mcO cal d41s turbance out, aCCOUnLedmior: One CenLiimod, 
less in the winter cable and summer and winter groundskid- 


ding categories. 
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However, it is unlikely that the higher levels of yarding 
disturbance on summer cable-logged sites were entirely 
Seasonal in nature. Blocks 0309) (Kid Creek) “and 0404 (Camp- 
betieGreck) both had dry southerly exposuness very thinwdurt 
layers and relatively steep slopes. Coupled with the lack 
Oteam provtectiversnowpack: and) poor detlectionsduey to the 
steep, uniform slopes, yarding easily scraped -away the duff 
fomexpose mineral soil. Block 0103 (Brodie Creek), with 
deeper duff layers and better deflection, had comparatively 
less yarding-related disturbance. In contrast, logging and 
site conditions on the winter cable-logged clearcuts were 
much more favourable: (1) Two of the units were logged with 
mobile swing-type yarders which used the haul road as a log 
deck. 4 This distributed .varding disturbance more evenly over 
the clearcut. (2) A deep snowpack at the time of yarding 
protected the soil surface on Block 0106 (Shannon Creek). 

(3) Duff layers were deeper and deflection generally better 


on the winter-logged units. 


Ae 24a Eitect) of. Slopewons sone, Disturbance 


Since cable-logged blocks occupied a relatively narrow range 


of steep slopes, only groundskidded blocks were analyzed for 


slope effects. 
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The ten summer-logged and fifteen winter-logged blocks were 
Str corr redwinto-three=stopercetasses esse tiane 20s 2 0r tO 
40%, and steeper than 40 percent. Table 4 summarizes total 
soil disturbance for summer and winter operations by slope 


class, andWwFigure 8 plots thé! resulting itrends (including 


50 summer 


aie 
Zant average 


total soil disturbance (3) 


0) 20 40 60 
(gentle) (moderate) (steep) 


slope class (3%) 


FIGURES 8, Plot®ot total som? disturbance 
against slope class fom summer 
and winter groundskidded sites. 
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Table 4, Trends in soil disturbance with increasing slope 
on summer and winter groundskidded clearcuts. 


SOURCE OF DISTURBANCE 
BLOCK A ee KL ee i AS oa a me ame ea teas TOTAL 
NUMBER BLOCK LOCATION ROADS ROADS LANDINGS LOGGING DISTURBANCE 


1. Groundskidding, Summer 


Slopes less than 20% 
0302 Lamb Creek 


0.7% 24.0% sy Sie fo 29.9% 
0304 Hellroaring Creek 12.0 Sig dl IIb 38) 8) O55 
0403 Lower Palliser River Ol: 12.9 60 Se (6) 30.6 
0503 Quartz Creek 9.5 36.4 TS) ileal. 65.0 
Averages Te wt 3) 9.4 Sed 47.4 
Slopes 20% to 40% 
0101 Grizzly Creek VA Ih 1, @ eS Ah, 28.8 
0303 Dewar Creek 358) S20 4.3 Be tt 43.6 
0506 Copper Creek 10.8 BSIq & 50 dhe 50.4 
Averages So) 254 30 Sol 40.9 
Slopes greater than 40% 
0201 Poplar Creek 4.9 Df 22 OFS 16 34.0 
0308 Rock Creek 5.5 (0) ui ont! Opel 4.4 WN eas 
0507 Copper Creek Lees 36.0 ha 4.9 60.7 
Averages 9.3 5350 1.0 3.6 47.4 
2. Groundskidding, Winter 
Slopes less than 20% 
0202 Duncan River Maho ss 26.9% Tee: INO) 5 We BOG ILE 
0401 Lower Palliser River Sieel 10.9 ele LH 59) 44.0 
0405 Hall Lakes ees O58) 9.2 Wed ZOO 
0406 Hall Lakes 4.0 4, 33 5 5) 3.9 S507 
0505 Dainard Creek ye9. i OleyZ 3.4 7210 96.58 
Averages Soe ARS Tee Sod TES 34.0 
Slopes 20% to 40% 
0203 Glacier Creek 147", (0) ILS, & 0.0 So 2 30.6 
0305 Hellroaring Creek Sees 7,0 Se Bd Sib oil 
0306 Nicol Creek 104.3 o4na 6.3 0.9 S252 
0307 Nicol Creek 9.4 Sil ae 0.9 Zmo 44.6 
0501 Quartz Creek ot Bei ll 8.0 Bass 40.6 
0502 Quartz Creek koe 30.0 S350 ORS 34.9 
0504 Dainard Creek IU) al 28.9 4.9 1.9 45.8 
Averages Sie 28.0 4.6 A510) 42.8 
Slopes greater than 40% 
0104 Hoder creek 6.6 Z209 0710 53. (0) Sig ak 
0105 Grizzly Creek als) Soe 0.0 <I) 306. 
0402 Lower Palliser River IO), Sia AS he S20 
Averages 9.4 Slee 15-5 Sie 3535 
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averages for combined summer and winter operations). On 
summer-logged sites soil disturbance was similar on gentle 
slopes and steep slopes (47.4%), and less on moderate slopes 
(40.9%). The lesser amount on moderate slopes was probably 
a function of the small sample size rather than a real 
effect... By comparison, total soil disturbance increased 


with increasing slope on winter-logged sites. 


Some trends are apparent between source of disturbance and 
slope (see Table 4): 


ans Haul road-related disturbance increases 
gradually with increasing slope and consistently 
aeceun Gsy or als: sto. eZ 07s orcaiboralk soadt disturbance. 


os Landing-related disturbance decreases substan- 
tially with increasing slope, from about 20% of 
cCotalsidasturbanceiomigentiletislopes ito7s% oredess 
Onesie pms LODeS. 


oe SkidmcroadsmconStleuucetncmlanves teasing lessOounceso & 
soil disturbance regardless of slope steepness 
(moremthan50360f totalssorindiusturbance in all 
but one class). In general, skid road disturbance 
increases as slope steepness ancreases:. 


4, With one exception, yarding constitutes a rela- 
bavVielsy loonsitant? 24ito0 Sop of totale xi sturnbancer 


Winter-logged groundskidded sites on gentle slopes had about 
double the level of yarding disturbance of all other logging 


season/slope groupings (7.3% as compared to 2.0 to 3.6%). 
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Probably some of the disturbance’ attributed to yarding on 
gently-sloping winter-logged sites actually represents 
Pronvelyeusede Skid trails se) [toso. the level or skid) road- 
related) disturbance (now substantially Jower* than® for all 
other groupings) would be higher, and the level of yarding- 
related disturbance would be in closer agreement with the 


other groupings. 


Despite the apparent trends, slope steepness did not, by 
tose pom Eluence s1 oni t1cantlyerOca laesOddienas tulrDance-] on 
the grouncskidded clearcutsS surveyed in thas-study. The 
diaberencesmindicateds by theseut1ends areaminor, COompareduto 
the large ranges in total soil disturbance that are common 
to all logging season/slope class groupings. This high 
Variability suggests that factors other than slope steepness 


exeuemamconrtmolling: ant luence onsextencyotesoi1l disturbance. 


However, other parameters of soil disturbance (specifically 
itsadistribpution, by: sources and, depth, classesj, are, apparencly 
Sstrongiy intluenced by slopessteepness) (see, fabler 3). 
Relationships between slope and source and depth of distur- 
baneeeare discussed in detail an section 4.275.,, Depthect 


Drsturbaneces—and-—Secetione4+2.6., Source of Disturbance. 
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Figure 9 summarizes total soil disturbance by depth class 
for the 25 groundskidded and 6 cable-yarded clearcuts. 
Overall, groundskidding caused more very deep and deep soil 
disturbance than cable yarding, probably as a result of the 
additional disturbance contributed by skid roads.+ On 
slopes greater than 20%, groundskidding generated more very 
deep than deep disturbance, and in turn more deep than light 
disturbance. In contrast, cable yarding systems did not 
generate significantly greater levels of one depth class 
than of any other. This was attributed to the small sample 


size and high variability among the cable-logged clearcuts. 


Depth distributions for summer and winter groundskidded 
clearcuts were similar, with the exception that more very 
deep disturbance occurred on summer-logged than on winter- 
logged blocks (19.2% versus 13.6%). Deep and very deep 
disturbance dominated the depth profiles for both seasons, 
and was thought to be due to haul road, landing and skid 


road construction. (Relationships between source and depth 


'See Appendix IV, Table IV-1d, p. 196. 
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FIGURE 9. 
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Distribution of average total soil disturbance 
by depth class, all sources, for summer- and 
winter-logged groundskidded and cable-yarded 
sites. 
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Ofedisturbanceraresediscussedsinxdetail ineSections4 .2n6u5 


Source of Disturbance. ) 


Depth distributions for summer and winter cable-yarded 
blocks wenreisubstantially, different.. Light disturbance 
dominated the profile for summer-logged sites while at the 
Gthergextremenvery decpedisturbancedconstitutedethegilargest 
proportion of soil disturbance on winter-logged sites. 
There were obvious parallels bétween the depth distributions 
(Figure 9) and source distributions (Figure 7) for the 
cable-yarded sites... A high level of light disturbance 
appeared: to.correspond to_a hich level of yarding distur- 
bance on summer-logged sites, while : high level of very 
deep disturbance appeared to be related to a high level of 
haud+road disturbancevon winter-loggedVsitesi» Thesetpar- 
allels suggested strong source/depth interactions, which 
were confirmed in subsequent analyses. (Again these are 


described in detail in the following section.) 


(meeitectsonsolope onsVepth Wistributions 


Table 5 summarizes soil disturbance by depth class and slope 


class for summer and winter groundskidded sites. 
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Over the full range of slopes examined the greatest amounts 
Of <disturbance,occurred in the -deepeand very; deepclasses 
(Figure 10). Seasonal differences were minor, although on 
average there was less very deep disturbance on winter- 


logged blocks (13.6%) than on summer-logged blocks (19.2%). 


The interaction of slope class and depth of disturbance was 


highlyesreniticant (see Table 3). JA Newman-Kuels Range Test 


bapLe ss. Distribution of soidgdisturbance by slope 
and depth class for summer and winter 
groundskidded clearcuts. 


SEASON SLOPE DEPTHSCLASS TOTAL 
OF CLASS VERY SOIL 
LOGGING L,1GHT DEEP DBEP. DISTURBANCE 
<20% 12.0% DO hee: Tonle 47.4% 
SUMMER 20-40% oid) 14.8 aK sx h(6) 41.0 
>40% (Soe 13.4 TA hae 47.4 
<20% 15.3% nS gall 5.8% 34.2% 
WINTER 20-40% 7.8 st 8 Lomas 4a. 9 
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showed a significant increase in the quantity of very deep 
disturbance from gentle to steep slopes (significant at a 5% 
level of confidence)*. Light and deep disturbance showed no 


Significant trend with slope. 
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PLGuUR@e LO. DUStributrvon Ob Sol. disturbances by 
depth class for summer and winter 
groundskidded sites, all slopes. 


4See Appendix IV; Table IV-2d, p. 200. 
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Depth/slope trends on summer and winter groundskidded blocks 
are compared in Figure 11. Very deep disturbance increased 
with increasing slope for both seasons, sharply from moder- 
ate to steep slopes on summer-logged areas and steadily from 
gentle to steep slopes on winter-logged blocks. Light and 
deep disturbance displayed no consistent trends between 
seasons. Both decreased steadily with increasing slope on 
summer-logged blocks but were variable on winter-logged 


blocks. 


Since haul roads, landings and skid roads require larger 
cuts and fills on steeper slopes a trend toward deeper 
disturbance on steeper slopes might have been expected. 

This study provided limited (but not conclusive) support for 
this hypothesis. The observed increase of very deep dis- 
turbance with increasing slope appeared to be due to higher 
levels of haul road and skid road disturbance, offset by 
lower levels of landing disturbance, on moderate and steep 
slopes. However, the sample size was too small to determine 
whether the increases in haul road and skid road disturbance 
were due to slope effects or other topographic and logging- 
related factors. The decrease in landing disturbance on 


Stefomslones sis) thought topsreblectidareductionsin numbers 


and aimensions of ‘landings on Slopes vreater wnan 40 percent. 
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Trends in light, deep and very deep soil 


disturbance with increasing slope on 
summer and winter groundskidded sites. 
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SIPC SSs SOUrcencinDisturbance 
(a) General 


Many of the observed differences between and within methods 
asowelltas=seasonsvof logegingsappeareditotberclosely con- 
nected to differences in source contributions to soil dis- 


turbance. 


Levels of haul road disturbance were similar among summer 
cable-logged and summer and winter groundskidded clearcuts 
(9.0%, 8.53% and«7.6%, respectively) (see Table»1), but 
winter cable-logged sites had much Wiebe average haul road 
disturbance (16.6%). This was attributed to differences in 
cutblock layout: the three winter-logged units consisted of 
long narrow strips of timberrparallel tosor between haul 
roads, and having comparatively short yarding distances of 


not more than 120 metres. 


Since most of the cable-logged units in this study were 
designed around haul road networks originally planned for 
groundskidding systems, estimates of haul road disturbance 
from this study may not have accurately reflected haul road 


densities for cable yarding systems. 
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Figures for landing disturbance reflect important opera- 
tional differences between the two logging systems. On 
similar slopes, landings on cable-yarded blocks were smaller 
(and in some cases not required) than those on groundskidded 
blocks. There was a noticeable tendency on groundskidded 
blocks to build large landings on gentle terrain and smaller 


landings on steeper, rougher slopes. 


It was expected that differences in soil disturbance levels 
between the two logging systems would be largely explained 
by differences in skid road-related disturbance, since skid 
roads are a necessary feature of groundskidding systems (on 
steep slopes), but not of cable-yarding systems. The sur- 
Meyse supported cthasehypothesis.. LUnexpectedl] yee thowever.s skid 
roads*were present on five of the six cable-yarded: sites. 
Reasons were not always apparent. It was hypothesized that 
tractors may have been used to log isolated patches of poor 
deflection within the cable settings, or perhaps moved from 
adjacent groundskidded to cable-yarded areas to smooth out 


Hog, puodtietwonsom toOssimplatvescheduling of equipment moves. 


Nineteen of twenty-five groundskidded clearcuts had 20% or 
more skid road disturbance. The remaining six blocks had 


Tesentnane co, disturbance assocrated with Skid roads. 
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Possible explanations for these low values were: (1) gentle 
to flat slopes; (2) logging over deep snowpacks; (3) deep 


duff layers; and (4) widely-spaced skid roads. 


Disturbance caused by yarding was distributed evenly over 
groundskidded clearcuts but tended to be concentrated near 
landings or roadsides on the cable-yarded units. Possible 
reasons torythe high levels of yarding-related disturbance 
on summer cable-logged areas were discussed earlier (Section 
4,2.3.). On summer groundskidding operations, low levels of 
yarding disturbance were associated with high-elevation, 
moist sites with deep duff layers, while on winter-logged 
sites low values. appeared to reflect either deep duff 

layers: or deep «snowpacks,. or both. Theyhigh yarding dis- 
turbance values of three winter-logged blocks having gentle 
average slopes (Blocks 0202, 0401 and 0405) was probably 
caused by misclassifying some disturbance on poorly-defined 
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(b) Variation With Logging Method 


Skid roads caused Signisicantly moresdis turnbancesthaneany. 


other source on groundskidded sites, while haul roads, the 


olatog (I) serew seutew wol seedy 
goob (¢) (2doaqwona @éab yovo gnzggot (S) peoqnfe 


-ehsor bide booeqe-ylebiwi(t) 
aa HOLE ine 
teve yineve pone aBw ynikiey vd boews> sonsdzuseid 7 
vgeo boisvihesses ad OF ibebees all eduszants bebbidebauorg, a4 
aidizeos edie bebtsy-elels> edgy a0 eebkebsot x0 epntbmst 
 sonndxuteib bosefor-gnibrey Yo 2level dgid edd tot anoeeot fal 
noitas2) rai leas begeuaeil giow 2neTs begyol-oldsa: Tommy2 110 _ 
Yo ¢havel wot p2nobtstege: gi.Lbb Lighawony Temmue 10 o(sB8ab) 5 
noitpvele-dgin Atiw bepehoowss sree soundruseib ganbrey 
beggol-teaniw no oftdw,2reved Aah queb atsiw 2otiz . 
1b qasb ysdTee sanbier. ot boseaqys 2euitey wol conte i: 
-abh ggkhney dgerl) sett | wasted’ zo <cdpnquone qed roreTeet, | 
sisueg gutvnd alootd hegget-retatw esti 20 eeulsv: sonsdtuy a 
yidedorg caw (2080 bas 1000 , S080 edaelf) esqole. egsTevs 
beniteh-ylroog no efieeérae tb vadoe, 1 nd Lata raianel 1d boeuaa 
-.ekiesa bide ag 


eee |S aa | tan oad a vs 


sit sam acta Ce 4 


vin weft sonsdmderh stow YLins2ttaayke beeus2: i 


efi ,2hect Ined eltdw .2stie benbidubiawens no sods rade 
a i, “ale wet 


rey 


85 


second largest source, contributed significantly more than 
landings or yarding.* The order of importance and levels of 
Significance were identical for both summer and winter 
Operations. Based on summer and winter data combined, haul 
roads were the largest contributor of disturbance on cable- 
yarded clearcuts.* Yarding was the second largest source, 
causing significantly more disturbance than landings but not 


mMoOcCesmthnaneskid roads. 


In contrast to the groundskidded clearcuts, rankings of 
disturbance sources on cable-yarded sites were very differ- 
ent for summer and winter operations. The single largest 
source of disturbance on summer-logged clearcuts was yard- 
ing, followed in order by haul roads, skid roads and land- 
ings (see Table 1), whereas on winter-logged clearcuts haul 
roads caused the most disturbance, with skid roads second, 
vyardingithard, and§ landings) fourths (For reasons) discussed 
earlier, however, these differences should not be regarded 


as entirely seasonal in nature.) 


As was expected, skid roads generated significantly more 


-See-Appendix-IV, Table IV-2a, p. 199. 
*See Appendix IV, Table IV-1c, p. 196. 
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soil disturbance on groundskidded than on cable-yarded 
clearcuts.-° Estimates of haultroad, landing and yarding 
disturbance did not differ significantly between the two 
logging methods. Therefore there is little doubt that for 
this study, skid roads were responsible for the higher 
levels of soil disturbance associated with groundskidding as 


compared with cable logging methods. 


(¢) Warvataons in Depthy Distributions 


The relationships between sources of soil disturbance and 
Chetrmccepthedistr@rbution profiles are perhaps the most 
Stmeans weatures of this survey... Lachidisturbance: source 
shows; a iclear and-consistent depthsprofile thateis inde- 
pendent of method and season of logging and is distinct in 
shape sand,or mMagnitudesirom the; puotiles of Gther sources. 
Statistically, the interactions between source and depth of 
disturbance are among the strongest relationships found in 


the survey data. 


Table 6 summarizes depth-of-disturbance distributions by 


method a@nd season of logging for each disturbance source. 


eSeesmppendix IV,8Table 1V-1c ipmaoo. 
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The depth profiles of haul road-related disturbance are 
characterized predominantly by very deep disturbance (see 
Figure 12). Between 67 and 802@088alehaul road disturbance 
is classed as very deep. About two-thirds of the remainder 


as-deep disturbance and one=third is light. 


The pattern is consistent for all logging method/season 
groupings, which is reasonable in light of normal road 
construction practices. Standards, methods and timing of 
haul road construction are generally independent of the 
methodgor taming of logging: "Haul roads are usually built 
in dry weather (summer). Sizeable cuts and fills are usu- 
ally needed even on gentle slopes Peruri a wide firm road 
DasevemeseanCesult very deep, disturbance: dominates? across 
moOstwOnmunewroad with light andvdeep dasturbance, lamited) to 


thesouter margins of the road. prism. 


The actual amount of haul road disturbance associated with 
a given logging system varies depending on the road density 
requirements, which in turn varies inversely with yarding 
dustantew. (hus, winter cable=logged sites, (with short 
average yarding distances, have higher road densities and 
more haul road-related disturbance than the other logging 


method/ season combinations. Aliso the high proportion ‘of 
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GROUNDSKIDDING 
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deep deep 


FIGURE 12. Distribution of soil disturbance by depth 
class for haul roads. 
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very deep disturbance on the winter cable-logged sites is 
linkedwdirectly to the’ high) level of thaul’ road disturbance 


recorded for these sites. 


With minor variations, the depth distribution pattern of 
landing-related disturbance Gaon 1D) plsmircenrtical tomthat 
of haul roads but differs principally in magnitude. Con- 
struction methods and machinery, and often timing, are 
Similar for both haul roads and landings, so it is reason- 


able that the, depth distribution patterns” are™~simmar-aiso. 


However, landings are designed to serve a particular logging 
system. Their specifications (number, size and placement) 
are antluenced by the choices of logging system and logging 
equipment which in turn affect the levels of landing-related 
disturbance. Figure 13 suggests that landing densities 
and/or sizes are similar for both summer and winter ground- 
skidding' operations and less for cable yarding systems. The 
lower landing disturbance on the cable-yarded sites probably 


reflects a tendency to build landings to minimum practical 


dimensaonseon steep slopes. 


Depth distribution patterns for skid roads (shown in Figure 


14) approximate normal distributions for all four logging 
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class for landings. 
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SOIL DISTURBANCE — PERCENT 
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SUMMER WINTER 
12.6% 


12.0 % 


light deep very light deep very 
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FIGURE 14. Distribution of soil disturbance by depth 
class for skid roads. 
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method/season groupings. Deep disturbance generally ac- 
countss for about half of "the total; with the remainder split 


fairly evenly among the light and very deep categories. 


Skid roads are built in much the same manner as haul roads 
on slopes of more than about 30 percent. The smaller dimen- 
sions (mlarrower widths, smaller cuts and filis) result ina 
shift of the depth distribution pattern from mostly very 


deep to deep disturbance. 


Spneemsiila Loddse are usually, (butenot=always)ebuilt during 
Gathers than ineadvance of logyrmo- it* might be expected that 
logging over deep snowpacks would cause a reduction in skid 
road-related disturbance or at least a shift in depth dis- 
tributiens toward shallower overall disturbance. While 
there are indications of this between summer and winter 
groundskidded blocks (less very deep and less total skid 
road disturbance on winter-logged blocks) the differences 


are not conclusive. 


Itfesdepthedrstribution, pattern lo, yardang-relatededastur- 
bance, shown in Figures 5y* is@essentially opposate to those 
Creiatieroaaseand landingsim llenu das curbancemdominatess tne 


profile; deep disturbance constitutes the next largest 
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DISTURBANCE — PERCENT 


SOIL 


light 


light 


CURE LS. 


GROUNDSKIDDING 
SU*AMER WINTER 


deep very light deep very 
deep deep 


CABLE — YARDING 
SUMMER WINTER 


deep very light deep very 
deep deep 


Distribution of soil disturbance by depth 
class for yarding. 
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proportion and very deep disturbance accounts for only a 
small fraction of the total. Also, the patterns and amounts 
are similar for summer and winter groundskidding and winter 
cable-yarding operations. Reasons for the high yarding 
disturbance levels on summer cable-yarded sites have been 


reviewed earlier. 


A Newman-Kuels Range Test of the twelve means (four sources 
X three depth classes) showed the following statistically 
Significant differences within (i.e., within their respec- 


tive depth profiles) and between disturbance sources®: 


(i) Within-Source Differences 


is Hau Weroads #arewcharacte riz cdmmorembyanverysdeep 
than deep or: light disturbance (see Figure 12). 


Des Landings are characterized more by very deep than 
bughtrdisturbance®(scegevoure els) Feilevelsvot deep 
disturbance are intermediate between light and 
very deep disturbance and are not statistically 
dviferent Sromgerther. 


ae Skid road construction generates more deep than 
light or very deep disturbance (see Figure 14). 


4, Yardingtcauses#more*liTohtathanedeeprorevery «deep 
disturbance (see Figure 15). 


See Appendixd live ables i Va2Cyepemago . 
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Between-Source Differences 


Groundskidded clearcuts have the following features: 


Is 


Skidcroadsvandshaulenuoadss finhthatsordentiane the 
Largest contributonse omvery, deepy disturbances on 
groundskidded clearcuts. Landings contribute less 
very deep disturbance than skid roads and haul 
roads, but more than yarding. 


Skid roads generate more deep disturbance than any 
other source. Haul roads, landings and yarding, 
in that order, contribute lesser quantities. 


Skid roads also generate more light disturbance 
than any other source. Yarding is the second 
largest Source. Haulsvoads, and landings; are: minor 
Sources ofsiiehinidgsturbances contributdnedsi oni - 
ficantly smaller quantities than skid roads or 
yarding. 


Cable-yarded clearcuts are characterized by the follow- 


ing: 


Haul roads are the primary source of very deep 
disturbance on cable-yarded sites, accounting for 
75% and 93% of all very deep disturbance on 
summer- and winter-logged sites, respectively. 
skid roads and landings contribute almost all of 
the remainder. Yarding provides only 1% of the 
very deep disturbance on summer-logged sites and 
none on winter-logged sites. 


Yarding contributes» aboutehalfiofethesdeep dis- 
turbance on summer-logged sites, the remainder 
being split evenly between haul roads and skid 
roads. On winter-logged sites haul roads and skid 
toads! accounts for 7s50%eandi40%;s0f*alladeeptdis- 
tUpbances, respectavelyn 


Vara sdlSOsecOntrivutLesmatmOSteallecit on Gedas = 
turbance on summer-logged sites and slightly more 
than half on winter-logged sites. Haul roads are 
the second largest source, while skid roads and 
Pandynegs are Mino Sources, 
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(d) -Effect of Slope on Source Distributions 


Two slope effects were isolated among the distributions of 
soil disturbance according to source’: 
he Skid road-related soil disturbance was 
significantly greater on slopes greater than 20% 
than on slopes less than 20 percent; 
Ze Landing-related soil disturbance was 

Significantly lower on slopes greater than 40% 

thane@ontstopéesglessythan 40epercent: 
Skid road-related disturbance on gentle groundskidded 
Gheavcucsmayvyeraged 202,95) Comparéeds to. 2oe7 58 On) theselearcuts 
Nhavang moderate-and steep slopes.) | lhis ditterence may be 
Danolveauiemtor ther tact that tractors must, Duildyskid) roads’). 
in order to work safely and Sree mon steeper slopes, 
whereas on gentle slopes skid roads are not always neces- 
Sarvew i newapparent statistical signiticance of the increase 
ies Kideroddndrtsturbance, on moderate andystecp slopes seems 
questionable, however, in view of the very high range in 
skid road-related soil disturbance on gentle slopes (2.3% to 
38.1%) (see Table 4). If two clearcuts with very low levels 
Ot skid road-related disturbance) (Blocks: 0405 and 0406, Hall 


Lakes) were excluded, average skid road disturbance on 


gentle slopes would increase to 25.6 percent. 


’See, Appendix. I1V,.Table.IV-2c,.p..200. 
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Pnemstatistically istonisicant reduction of Janding-related 
soil disturbance on steep slopes supported observations made 
during the field surveys that fewer and smaller landings 
were built on steep than on gentle or moderate slopes. 
Landings were built as needed and to relatively large dimen- 
sions where terrain afforded easy construction. On steep 
Slopes, however, landing location and size appéared to be 
dictated more by the frequency and size of suitable “benches 


and ridges. 


Analysis of Variance also discerned significant interactions 
(at the 95% level) between slope class, source, and depth of 
disturbance on groundskidded blocks (ass Table, 3)). #g0wing to 
the large number of means involved (36) the Newman-Kuels 
Range Test could not be applied to isolate the significant 
effects. However, graphical comparisons of disturbance 
trends with slope showed the strongest trends in disturbance 
levels occurred in the very deep class and the weakest 
occurred in the light class, while skid roads and haul roads 
appeared to be spossible sources ¥ots significant! slope; effects 


(see Figure 16). 


Slope-related trends in very deep disturbance were also 
Stronglyeassociated with jsource of dusturbange. .)| Quantities 


of very deép disturbance increased with increasing slope for 
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haul roads and skid roads but remained static for yarding 
and decreased for landings. Levels of deep disturbance 
appeared to be comparatively less affected by either slope 
or source, and generally displayed static to moderately 
declining trends with increasing slope. Levels of light 
disturbance also remained constant or declined slightly with 
increasing slope but the trends were even weaker than for 


thetdeeprclass. 


Skid roads exhibited the strongest slope effects on distur- 
bancenlevelseine quantitative terms (Figure 16c). The pro- 
portion of disturbance in the very deep class increased 
Ssubstentiadilyeafromesentiertorsteep: slopesson both) summer- 
and winter-logged blocks. Light and deep disturbance both 
decreased: with increasing slope on summer-logged sites but 
wereevariable on winter-logged sites. The trend toward an 
MiaLeasS ing epLOportion Obsveryedceep disturbancerasmsiopes 
became steeper was thought to be due to the deeper cuts and 


£TUlis ineededctoybuild skidvroadsy on steep sdopes:. 


Haul) roads) (Figure: loa) displayed) slope-relateds trends 
Jami banuto those@oliskid@roads buvedistinet anPtwowrespects: 
(hiihaul roadslecaused less total@so1l disturbance than skid 


readsryanaee, hidvsturbance in the very deep class constituted 
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a much larger proportion of total disturbance for haul roads 
than for skid roads. Nevertheless, the proportion of very 
deep disturbance increased with increasing slope, moderately 
on summer-logged sites and sharply on winter-logged sites. 
Levels of light and deep disturbance remained constant or 
declined slightly with increasing slope for both logging 
seasons. As with skid roads, the increase in very deep 
disturbance was thought to: reflect the meed for larger cuts 


and fills on steeper slopes. 


Landings (Figure 16b) showed a steady decline in disturbance 
Povel sm tor ait depth classes with increasing siope. [has 
Was considered to be due more to a tendency to build smaller 
and fewer landings on steeper slopes than to changes in 
Colscruction cechniques. Yarding disturbance (Fipure 16d) 
showed no obvious slope-related trends on either summer- or 
winter-logged blocks. High levels of light disturbance on 
winter-logged blocks having gentle slopes probably resulted 
frominconrectly attributing somes disturbance toy yarding 


Instead Ot skid roads. 


Not enough information was available to perform a similar 
anakysismcOnesiope ettects Onesorl disturbance slevels stor 


Cable-varded sites. 
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Ans, SekesulbtscotiAnalyses#andiGompanrsonsnoftnsois 
Hropertires con Skid Road Surfaces 


The soil disturbance surveys supported the view that ground- 
skidding logging methods caused more total soil disturbance 
than cable logging methods. Skid roads were clearly identi- 
fied as the primary source of the additional disturbance. 
Furthermore, skid roads were also found to contribute 48 and 
44% of the very deep disturbance recorded on summer- and 
winter-logged sites, respectively. In view of these find- 
lige Uawasedecaded to. supplement, the,soiledasturbance 
surveys with comparisons of several soil properties on skid 
road surfaces) and adjacent undisturbed soils. The purpose 
of these comparisons was to indicate the potential magnitude 
anamdiLection Of alterations to soll propertacs, thatecould 


be expected to result from skid road construction and use. 


One summer groundskidded clearcut in each of two drainages 
(Quartz Creek and Rock Creek) was selected for this survey. 
SOtis propeuties. nov skidé roads suutaces=anteadgacen ty undas= 
turbed soil sites were determined and compared at five 
fo@ataons. ons cach study site. “Ine generale soil seonsskidsroud 
SUrracessatapoth study sites weremintermediateminechemical 
animonyarcalecharacteristics DeLWweonm tnOsc Ol thessuriace 


andeG-norizgon, of adjacent undisturbed soils, but in almosc 
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all cases more closely resembled’ C-horizon than A-horizon 


Gondaet rons. 


Table 7 presents averages and ranges of chemical and physi- 
cal properties of undisturbed Quartz Creek and Rock Creek 
soils as determined by this survey. Almost all of the 
samples taken from skid road surfaces also fell within these 


ranges. 


de. 3.6 ligp OO1d pi 


thesstrongly alkaline Rock Creek soils had higher pH values 
than itnheir Quartz Creek counterparts at all sampling) loca- 
tions, (see Figure 17). On both sites the pH of the G- 
horizon was considerably higher than that of surface (A- 
horizon) soils. As Figure 17 also shows, pH of skid road 
surfaces averaged significantly higher than pH of undis- 
tunbedsA-horizons, and in general was veryiSimilar to sub- 


soil values. 
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QUARTZ CREEK 


-— ws1— 


4.5 Sag, 5:5 — average 
(4.2-4.6) (5.5-5.9) (5.3-5.8) — range 


Es mf 


ROCK CREEK 


ids el 


6.4 8.1 7.8 — average 
(5-6-7.1) (8.0-8.3) (7.6-8.3) — range 


FIGURE 17. Comparison of soil pH measurements for 
Quartz Creek and Rock Creek soils. 
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tee oor Carbon Content 


Variations within and between sites for organic carbon, 
calcium carbonate and total carbon are shown in Figure 18. 
IneCuantize Greek. soils all. carbonswas) in thestormeot organise 
carbon. Calcium carbonate was absent from the soil profile 
tomasdepth ot ¥.5 metres. dock Greek soils yby comparison, 
eontainedssignificantly less organic carbon than Quartz 
Creek escorts but had high” levels “ot carbonate below the A- 
HOGLZOn weeAS a result totgall sorlicarbon, content. wasenot 
Significantly different between the two sites. 

Skid road surfaces of both sites were intermediate between 
A- and C-horizon values in terms of organic carbon content. 
However, the carbonate (and, consequently, total carbon) 
content of Rock Creek skid roads was very similar to C- 


horizon levels. 


4 eee oOLL bulk Densaty 


Maximum bulk densities occurred in the C-horizon and de- 
Greasédusteadaml ya outmtosthe efidisi(cadecastjasilope where at 
Wasmat aaminimum (see Figure [ojm ss Bulkodensities were 


higher at each sample location for Rock Creek than for, 
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QUARTZ CREEK 


|-— w s1— 


1.57% 0.48% 1.28% \ 
(0.88-2.56)(0.11-0.93) CE 1 eGo 
0.0% 0.0% 0.0% } Ba 
(0.0) (0.0) (0.0) SSIS ey Se prsh al 
1.57% 0.48% 1.28 % \ 
(0.88-2.56) (0.11- 0.93) Cope, 40 TEN oSclicios 


ROCK CREEK 


buen 


0.48% 0.19% 0.32% \ : 
(0.40-0.62) (0.00-0. i) (0.13-0.56) Organic Carbon 
0.0 % 13.84 13.93 % \ ELcivg! 
toby 1520.92)" (atoaeneajys facts ooRc eaten 
0.48% 1.85% 99% east fe 
(0.40-0.62)(1.07-2.75) (0. 95 3.36) otal Carbon 


FIGURE 18. Comparison of soil carbon contents for 
Quartz Creek and Rock Creek soils. 
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QUARTZ CREEK 


ea ia 


1.09 195 7a 106 sai 1.15 0.91 (in g/cm3) 


ROCK CREEK 


ae 


1.35 1.67 1.61 1.54 1.42 1.10 (in g/em3) 


FIGURE 19. Comparison of soil bulk densities for 
Quartz Creek and Rock Creek soils. 
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Quartz Creek soils. The average bulk density of Rock Creek 
SOulseWwas also significantly micgher than for Quartz Creek 


S.Oa-bs+ 


On both study sites the average bulk density of the A- 
horizon of undisturbed soils is lower (but not significantly 
so) than for the inner track, center, and outer track posi- 
tionsisomatheyskid road surfaces h(lc0%e¢/em* for the A- 
homn Cnmversuse! + )5 eto ls20.¢/cem for the skid road surfaces 
on Quartz Creek, and 1.35 g/cm* for the A-horizon versus 
ier4zetoe 619 g/cm: for the skid road surface: on) Rocky Greek) = 
The maximum differences occur between A-horizon and inner- 
track values; the minimum, between A-horizon and outer- 
GrackGualues iueOnly ithe ibulkedens uty lof sthe.C-horrzonewas 
Significantly greater than that of the A-horizon (see Table 
8)pac Logging traffic has probably icaused some soil «com- 
pactrontowiskid roadtsurfaces a(see ctor ypexample;)ythée tbulk 
denstecLressot the outer track area, which ds) buriteon till 
material). On the inner-track area, however, it is not 
possible to distinguish the effect of logging traffic from 
the natural trend toward increasing bulk density as soil 


depth increases. 
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Table 8. Results of Newman-Kuels Range Test for 
sO1l bulk density versus location in a 
skid road cross-section. 


UNDIS- INNER CENTER OUTER UNDIS- SIDE- 
TURBED TRACK TRACK TRACK TURBED CAST 


BASE SURFACE 
(g/cm?) 162 Lip ih! 135 1.29 Ie 22 TeOL 
Significance! a ab abc abc be e 


‘Means having the same letter in common are not 
Significantly different at the 5% level. 


The, lackrofSstatistical differentiation between average bulk 
densities of undisturbed surface’ soils and skid road soils 
25a propabiyadue?l tolinsutficient® Sampletsizeya Oniysone: bulk 
density sample per zone was collected at each sample skid 
roadje«yielding a*total of*five bulkrdensity’ samples per= zone 


for each of the Quartz Creek and Rock Creek study sites. 


ApS. 44VeSouly Textures (Particlessi1zeupistributions) 


Quartz Creek soils were coarser than Rock Creek soils, 


having larger proportions of gravels and smaller proportions 
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sandy loams andwthe@latter *as@siilt loams (Canada’So1lSurvey 


Committee, 1978). 


Figure 20 compares average particle-size distributions for 
theswA-horizonsmandsskid@roadssurtaces of sbothysitese (Sam- 
ples taken from the C-horizons were essentially identical 
and therefore were not included.) It is apparent that soil 
textures on skid road surfaces are not significantly differ- 


enteetrom the) surtace soils. 


4.3.5. Fifteen-Minute Infiltration Rates 


Falling-head infiltration rates for skid road surfaces 
(inner-track zone) and adjacent mineral soil surfaces 
(above the skid road cutbank, litter layer removed) were 
measured using a double-ring infiltrometer arrangement 
(Lewis, 1968). One pair of infiltration tests (one on-road 
and one off-road) was run on each sampled skid road, yield- 
ingetiverpainmssot testsetforseachmstudy site. (Somlesamples 
forsdeterminatwonnon othermsolleapmopentves. sanGludange bulk 
density, were also collected in the immediate vicinity of 
therintiitrarions test sites.) s vuewto, lack OL Waterancarby, 


test durations were in general limited for purposes of 
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undisturbed surface and skid road surface soils, 


Soil particle-size distributions for 
Quartz Creek and Rock Creek sites. 


FIGURE 20. 


Soil Particle Size — mm 
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comparison by the infiltration rates of the undisturbed 


SOnsS. 


Infiltration rates for all but the undisturbed Quartz Creek 
SOQlls were Characterized by high variability (see Table 9). 
Anomalous readings included: (1) for Rock Creek, a high rate 
of 55.3 cm per fifteen minutes on an undisturbed soil and a 
high rate of 14.9 cm per fifteen minutes on a skid road 
SsUmrace mandu( 2 )l Om OUartz Creek ma slow Teadingeon 7 .2.cm 
per fifteen minutes on a skid’ road surface. Four of the 
five road surface measurements at the Rock Creek site were 
between 0.2 and 0.5 cm, while on Quartz Creek road surfaces 


four of five readings were between 15.8 and 25.5 cm. 


At Quartz Creek, average infiltration rates of skid road 
surface were about 70% of the average value for undisturbed 
SOM ewaclederanece Of 29) TOO PeLCen Cys BokTG)TOddusuriaces 
at Rock Creek had an average infiltration rate of only 15% 
of the rate for undisturbed soils, with samples ranging from 


lessmthaneonemto 62¢50n their undisturbed counterparts 


On- and off=road infiltration rates at Quartz Creek were not 
Sicnreicantby dirterent but at Rock {Creek intiltration rates 


of skid road surfaces were significantly lower (at a 95% of 
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Table: 93 Comparison of fifteen-minute head losses 
faa onwndad fandjoftar oad iposastdons , 
Quartz Creek and Rock Creek. 


UNDISTURBED SOIL SKID ROAD 


SURFACE SURFACE 
QUARTZ CREEK 
RANGE LD Oi eee aT fi ce Ci Ml 
AVERAGE ALOR, UO aresi)| LSryourcil 
RUCK CREEK 
RANGE [AS SSS oC Ul Wee ooo ECE AS coaiy 
AVERAGE Paha (aXe) bape) YOR 


confidence) than those for undisturbed soils. The magni- 
tudes of the reductions in infiltration rates on skid road 
surfaces are large in comparison to the relatively small 
increases in bulk densities for the inner-track zones (see 
Pugurewl? jo particularly for Rock Creek soils. The ditfer- 
ent response between the two sites may reflect the influence 


of soil texture as well as soil compaction effects. 
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Rill charactéristics between the study Sites differ in all 


respects except ranges and averages in slope gradients (see 


Table 10). Many of the Quartz Creek skid roads had long 
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Table 10. Summary of rill erosion measurements 
for Quartz Creek and Rock Creek. 


QUARTZ CREEK RO CGR Er 

NUMBER OF RILLS MEASURED nS ee 
(NUMBER OF RILL SEGMENTS) G519) (46) 
COMBINED LENGTH OF 

RILLS MEASURED US Se Gn 408.5 m 
AVERAGE RILL LENGTH sei) ful 1G scOus ti 
RANGE IN RILL LENGTH Get eSrce ro ein 029. Um 
WEIGHTED’ AVERAGE RILL 

GRADIENT 31.6% 31.4% 
RANGE IN RILL GRADIENTS 8.9-40.8% We 0 S35 2.6 
AVERAGE VOLUME OF SOIL 

ERODED PER» METRE : 

OF RILL LENGTH 2 670 cm*/m 5s 044ecme ym 
AVERAGE RILL LENGTH AND 

GRADIENT TO 

Zee Cle UPL E SAS 2 Meee 9210. Die ay wae ee nc 


‘By horizontal distance. 


continuous berms on their outer edges which channelled water 
for considerable distances and contributed to the large 
duiterence: in, average Trill leneths.. Yet the rills onskock 
Creek skid roads cut down much more rapidly than those on 
COUat tame reck mm reiching. a deptitOsaoucie (llcmOne icine pin 


cCriteriom considered by Packer (1967), to) be the pointese 
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which serious erosion begins to occur) in roughly one-sixth 
of the distance needed for rills to achieve the same depth 
at, Qudartz=Greek. The more’ rapid downcutting is further 
shown by the volume of soil eroded per unit length of rill, 
which is almost twice as high on Rock Creek as on Quartz 


Creek. 


MemOUdL ULE Leek tne DOUCLOMS (OL MOSt 11L1S were paved. With 


small pebbles, gravel and’ angular rock.” This feature was 


generally absent in the rills at Rock Creek, where the soils 


fad a low stone content. It suggests a form of “surface 
armouring'" (Megahan, 1972) and may account for the differ- 
ential Cutting rates on the two sites. Differences in 
precipitation characteristics may also be responsible for 
the greater number and degree of development of the Rock 


Creek rills. 
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AVASISDISEeussion 
4.4.1. Review 


This study began as an investigation of soil disturbance on 
groundskidded and cable-yarded clearcuts in the Nelson 
PorestaRegion. “lt was *expandéd*to anclude an examination of 
SOmmechabacteristacsPof skid@road-related¥disturbance? 
Thirty-one clearcuts (twenty-five groundskidded and six 
cable-yarded) were surveyed for disturbance and two were 


sclecvedsr1orethe Skid*roadeanalysis- 


The study showed that summer and ai ees groundskidding 
generated 1.5 and 1.8 times more soil disturbance, respec- 
tivelys thant®cable logging in corresponding seasons. ‘Soil 
disturbance averaged 45.4 and 40.4% on summer and winter 
groundskidded sites, respectively, compared to 29.5 and 
22.3% on summer and winter cable-yarded sites. As expected, 
most of the additional disturbance was caused by skid roads, 
which disturbed 28.8% of summer and 24.4% of winter ground- 
Shrddédeprocks#but onlye2s7votrallycable-yarded areas. 
There were other minor differences as well but these ap- 
peared to be due to specific logging situations rather than 


Cuaracterisercs of the: logeing systems themselves aaihe 
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similarities between the logging systems, rather than the 
differences, were perhaps the most important features of the 


SUEMe ye Desults.. 


Total dsoilrdisturbance «proved tosbeca relatively weak 
indicator of the manner in which logging systems interact 
wWithgthe tsite tovcreate soilrdistunbance?i flhrsawas most 
clearly illustrated by its poor correlations with season of 
logging and slope steepness. A more specific index was 
needed. This study showed source and depth of disturbance 
wereubetter than total soil disturbance at explaining log- 
ging system/soil disturbance relationships. For example, 
desenibangasoth distunhance bygnts semeece explained why 
groundskidding caused more soil disturbance than cable 
yarding (more skid roads) and also emphasized fundamental 
similarities between the systems in terms of haul road and 
landing requirements. Distributions of soil disturbance by 
depth class were best explained by examining relationships 
between source and depth of disturbance. Thus the high 
level of very deep disturbance on winter cable-yarded sites 
was directly linked to a high haul road density, since haul 
roads were characterized by a high proportion of very deep 


disturbance me o1mi larly ~echeentonmicVClmOteligntedis turbance 
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on summer cable-yarded sites corresponded to high levels of 


yarding disturbance, most of which was classed as light. 


Somewhat surprisingly, season of logging had no effect of 
soil disturbance levels. The most obvious "seasonal" dif- 
ferences (between summer and winter cable-yarded sites) were 
thought to be caused by other factors. Differences between 
summer and winter groundskidded blocks (in total, by source, 
or by depth) were small and offered no conclusive (i.e., 
Stat SitiGa lly. tonaticant,)..proof yehat season .otelogging 


athected -soiledirsturbance. 


ienterms sot Ltsmstatis tical Si tae slope steepness 
had a stronger effect than season of logging on soil dis- 
turbance. -Even so, the effects were subtle. Although the 
datamsuggested) that disturbance increased in) both extent and 
depthmwithsincreasing slope,) only two specific ditferences 
wehbe stound,.to,.be ,signiticant:,.« Gl). iskid .oad-related dis- 
turbance was greater on slopes of more than 20% than on 
glopes,.o-f, alesis, than .20%4..and. (2) handing-nrelated. disturbance 
was greater on slopes of less than 40% than on slopes of 


more..than 40..percent. 
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The second phase of the study demonstrated that soil dis- 
turbance associated with skid roads was accompanied by sub- 
stantial shifts in the physueal ands chemical characteristics 
Oietne semls on the disturbedyareas. Soilsron? skid? road 
Surfacesmwere:9 to 13% denser, had pH values 1.0 to 1.4 
UNteswhiener, had) 18 to 35,8lesseorganic, carbon, and had 
ficteeneminute intiltration races) that were 50 to 85% lower 
than for undisturbed surface soils. In general this merely 
confirmed what other researchers have already reported in 
more detail elsewhere (Dyrness, 1965, 1967, 1972; Hatchell, 
Ralston and Foil, 1970; Lewis, 1968; Mace, 1970; Smith and 
Wasseelo oy) LOS0) Steinbrenner vandpGessel, 19555 Youngberg, 
1959 fe 4) lies principal value was® that it) extended the range 
covered by previous studies into an area dominated by steep 


glaciated terrain and shallow soils. 


4.4.2. Comparisons With Other Researchers 


In’ generals) soil dasturbance’ levels; recorded for this study 
fell within ranges reported for similar logging systems by 
other researchers (see Table 11). (Note that several of 

these studies have not included some sources or degrees of 


disturbance.) Average disturbance levels for summer and 
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winter tractor- and highlead-logged sites in this study are 
in the middle to upper parts of their respective ranges. 
There is good agreement among the four studies done in the 
Ingemionm of; Brats hy Columbalag ¢omitn sands Wass 2697.0. eschwap 
and Watt, 1981; Hammond, 1978; this study). Disturbance 
estimates range from 28 to 46% for summer tractor-logging, 
and from 29 to 49% for winter tractor-logging. (The ranges 
are only approximate, however, because of different sampling 
criteria among these studies (see "comments" in Table 11).) 
This study showed much higher levels of disturbance for 
highlead systems than did Smith and Wass (1976) but similar 


Vemerse tor vorapple: yvarding. 


Theres is also relatively good agreement among researchers in 
terms of between-system differences. In general, all re- 
searchers agree that logging with tractors or rubber-tired 
skidders causes more soil disturbance than logging with 
cable or aerial systems. Aerial systems appear to cause the 
teaste disturbance,, dueratuleast; ine part, tov thes ractatnat no 
haul road-related disturbance was recorded on the balloon- 
and helicopter-logged settings cited’ in’ Table 11. Obviously, 
even aerial systems require a road network within an econ- 
GitcwolLyinemnange but sthey benctieshromatheetacce thatthe 
Troausmdosnotenecessarply havemtosexvencdeainto sthesGutcing 
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In theory, if all environmental and other logging factors 
aremneldsequal, total soa ldus turbance on, cab le- logged 
cutovers should decrease as yarding distance (and therefore 
haul road spacing) increases. If this held in practice then 
jammer systems, with the shortest average yarding distances 
of any cable system, should generate the highest levels of 
disturbance, followed by grapple-yarding (short to medium 
yarding distances, often with tailhold roads), highlead 
(medium yarding distances) and skyline systems (long yarding 
austances)..— Among the studies cated ian Table ll, only 
skylines fit this theoretical framework. In most cases 
highlead systems cause the greatest disturbance, followed 
closely by grapple-yarding systems, while jammer systems 
cause only slightly more than half as much disturbance as 


highlead systems. 


Thege are probably three major factors responsible for this 
discrepancy between theoretical considerations and actual 
measurements: (1) specific site conditions on the sampled 
areger (2)) geouraphic: locationswotr the variovus® studies; and 


(3) small sample sizes. 


Unemetrec mom specit ic site Gondmt1ons Oneso1 le disturbance 
is well demonstrated by this study. High values of yarding 


disturbance on summer cable-logged sites were attributed to 
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poor deflection over steep uniform slopes and to thin litter 
and duff layers on dry southerly exposures. By comparison 
yarding disturbance was much less on winter cable-logged 
Sitesi asia tresult “of gentler"slopes; deeper duft layers *and 
possibly the presence of protective snowpacks, but the 
shapes and locations of the cutblocks increased haul road 


densities. 


Another example is given by Klock (1975), who reported 
disturbance values that were almost twice as high as found 
by other researchers for the same logging system. His study 
area was salvage-logged after a wildfire. Clearly the fire 
must have influenced the degree of soi disturbance to some 
extent, perhaps by destroying most of the protective litter 


layer on the forest floor. 


Geographic location may also be an important factor to the 
extent that specific site conditions and logging require- 
ments vary between regions. In particular, logging oper- 
ations in coastal environments may not be directly com- 
Pacablemtouthose in interior environments,  eveneloretiessame 
cable system. Among highlead operations, for example, 
Dyrness .01965)) and /Bockheimletra bra Gl 975 reported Midis = 


turbance estimates of 29 and 31%, respectively, for coastal 
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regions (the latter did not include haul roads and landings 
and it is not clear whether the former did either). In 
contrast Smith and Wass (1976) found substantially less soil 
disturbance (17% for both summer and winter) for interior 
highlead operations, even with haul roads and landings 
included. From observations made during field surveys, I 
feel that the figures given by Smith and Wass (1976) are 
more representative for highlead systems in the Nelson 


Forest Region. 


Finally, sample sizes in most studies are small, and pub- 
lished information on some cable systems (such as jammer and 
grapple) is scarce. Most soil Halsetinbanes studiess, ane 
cluding those restricted to small geographic areas, are 
characterized by high variability in disturbance estimates 
for individuals cutovers: Consequently’ thexsbase ofvinforma- 
tionesas purobablyptooglimitedd tol developirepresentative 
disturbancesestimates for all*cablevsystems; sparticularly 
when comparisons between systems are compounded by intro- 


ducing® regional; differences vas well. 


Groundskidding*in®winteridoesinot.seem toe generatewcon= 
sistently less soil disturbance than in summer. This study 


andeomitheand Wass (1976) both srecord less disturbancevon 
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winter-logged sites, but Hammond (1978) and Schwab and Watt 
(1981) report the opposite. Therefore seasonal differences, 
if they exist, may not be effectively represented by the 
index of total mineral soil exposure. It is possible, for 
example, that soil disturbance under summer and winter 
conditions may differ in terms of soil properties, particu- 


larly bulk density and infiltration rate.° 


WeeCtiativet yj. Given thevapparentanitohelevel ofevariaba laity, 
in and between such studies, sample sizes may be too small 


bokconsustentlhy (déscribewseasonabudriberencess 


Slopewefteetstalsosgappearedseto ibe fae as well but are 
bettensdocumentedythan séasonalmeftects. arskrdaroad=related 
disturbance in this study was significantly higher on moder- 
ate and steep slopes (greater than 20%) than on gentle 


slopes, while landing-related disturbance was significantly 


®Several winter-logged blocks were examined, with trial 
infiltration runs made and bulk density samples taken, when 
Ghoosinemthersices: forethes seconde phase of thas study. Ihe 
results were extremely variable and too inconsistent for a 
small-scale study, so consequently the second phase was 
restricted to summer-logged sites. On average, however, 
bulk densities were much lower and infiltration rates 
considerably higher on winter-built than on summer-built 
skid roads. 
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less on 40%+ slopes than on moderate and gentle slopes. 
These findings generally agree with Smith and Wass (1976), 
who reported that skid road disturbance was twice as high on 
slopes steeper than 60% than on gentler slopes for winter- 
logged but not summer-logged sites. Also, Garrison and 
Rummell (1951) found that on slopes greater than 40% soil 
disturbance levels were 2.8 times higher than on slopes less 


than 40 percent. 


The studies of Hammond (1978), Schwab and Watt (1981) and 
Smith and Wass (1976) provide a substantial base of informa- 
tion to compare soil disturbance by source’ (see Table 12). 
The averages for each source differ sonewiae between) the 
Studies but the ranges (inwuparentheses) are reasonably 
consistent. Smith and Wass (1976) record less average haul 
TOad ,etandingeand varding disturbance,» butseconsiderabily more 
ckigunoddsais turbance, than thercurrentestudy.. However, 
tailhold roads on grapple-yarded clearcuts (Smith and Wass, 
O76) are included in with skid, roads.) No) tarlhold roads 
were encountered on the grapple-yarded blocks surveyed in 


tives Cudy.. 
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Table 12. Comparison of studies giving soil disturbance as a 
percent of logged area by source’, 


SOURCE OF DISTURBANCE (%) 
HAUL ROADS = LANDINGS SKID ROADS YARDING 


A. GROUNDSKIDDING 
Hammond (1978) 


- Summer £510) Sao 20a - 
(0.0-7.7) (0.0-7.0) (8.6-28.8) - 
- Winter Wo® 9.5 Zea) - 
(1.6-16.1) (2.4-15.5) (14.8-29.9) - 
Schwab & Watt (1981) 
- Summer - - arn dl 6.6 
- - (28. 2-51. 2) (1.7-13.4) 
- Winter - - 40.4 36,2 
- - (30.0-48.1) (3.8-13.7) 
Smith §& Wass (1976) 
- Sumer 7.6 O)e Shao) 0 
- Winter 29 0.6 17.8 ArT. 
This Study 
- Summer 8.3 Ball 28.8 Sid 
(ORT ens) (0.1-18.0) (11.0-38.1) (1.1-5.6) 
- Winter 7.6 a 24.4 4.0 
(1.0-12.0) (0.0-11.1) (253=35725) (0.3-13.9) 
B. CABLE SYSTEMS 
Hammond (1978) - - = = 
Schwab & Watt (1981) 
- Summer/Winter - - 0.0 11.6 
- - (0.0) (8.8-17.4) 
Smith § Wass (1976)? 
- Summer 3.8 Oay 9,9* 5 
- Winter Vy) 0.0 16262 eS 
This Study 
- Summer 9.0 5S 2.8 16.4 
(8.5-9.5) (0.0-2.3) (0.5-6.4) (11.5-22.8) 
- Winter 16.6 ORS Bel Ba 
(©) 7223.5)) (0.0-1.4) (0.0-6.4) (0.9-3.5) 


‘Ranges are in parentheses. 

?Summer data include highlead, grapple and jammer yarding; winter 
data include highlead and grapple yarding. 

3Includes tailhold roads and miscellaneous cat roads. 
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Teponeythateskid-roadss,accounted fforegmoresthan half of total 
soil disturbance (and between 60 and 70% for the two studies 
trate measured all four disturbance sources), Haul) roads are 


generally the’ second largest source of disturbance. 


Disturbance depth distributions in this study were similar 

for both summer and winter groundskidded sites but differed 
between summer and winter cable-logged blocks, for reasons 

which were suggested earlier. More important, it was found 
that groundskidding caused significantly more deep and very 
deep disturbance than cable yarding. This was traced to the 
SCOneriaDuUclON OL Skid Troads* to total soil disturbance and the 


deep and very deep depth classes in particular. 


DepuUnediseributions foreach disturbance» source. can be 
compared to only one other study (Smith and Wass, 1976) but 


tOpuulavelyetieif datay base 1s lange (sce slablerls). 


Smith and Wass' results agree well with this study for haul 
TOI melanin andeyardingedistributions, reporting slightly 
heener Levels, ot light? andedeepedisturbance=put LessPvyery 
deep disturbance for each source. Therefore both studies 
Siow that haul roads and landingsegenerate primarily very, 
deep disturbance and that yarding disturbance is charac- 


Cerastically shallow. 
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Table 13. Comparison of depth-of-disturbance 
GiStri but onsmowesoUnce: 


SOURCE OF DISTURBANCE 


HAUL SKID 
ROADS LANDINGS ROADS YARDING 


Smith and Wass (1976) 


- shallow (<5 cm 5 56 9.0% ZS Vie 3 

- deep (5-25 cm) Sarl 7.8 19.9 7A 

—--very deep (>25 cm) 85.1 TES 66.2 S05 
Current Stud 

- shallow (<5 cm) 8.2% 9.7% 24.1% 82.3% 

- deep (5-25 cm) Sie 29.2 46.7 1672 

-averyddeepriiezoecnie 76k 61.1 BY 7) ae 


Smith and Wass (1976) found that skid roads also generate 
mostly very deep (>25 cm) disturbance whereas this study 
eno1ecareamskide road disturbancesgwas mostly deepelnato rz 
cm). The difference in depth distribution may be related to 
the difference in average slopes of the clearcuts surveyed 
in the two studies (58% for Smith and Wass (1976), 33% in 


ipl gees UC Y,).. 


Fruably. most soil ‘disturbancessurveys. dagein includinge this 
Onevw are ciaracterized by al highvdevrec or variability vin 


their disturbance estimates, especially for groundskidding 
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systems. This also seems to apply between studies as well. 
Most studies have attempted to attribute some of the varia- 
tion to major environmental influences (season of logging, 
slope steepness, and other factors to a lesser degree) but 
with inconclusive results. To date, researchers have not 
considered factors relating to the logging operation itself, 
such as its layout and organization, skidding patterns and 
methods, type and size of equipment, tree size and volume, 
and the logging crew itself. The effects of these factors 
on soil disturbance are therefore unknown at this time. It 
seems probable that future studies will have to consider 
some of these operational factors if reasons for the high 


variation are to be more fully understood. 


The resultsmof ithe rsecondjphase of the study are generally 
supported, although to varying degrees, by the findings of 
other researchers: Soil bulk densities were higher and 

ii wktrationenaces Lower tox skid roads than §for adjacent 
Undisturbed soils, while other! soil) properties of skid road 
surfaces resembled subsoil more than surface soil condi- 
tions. Also, extensive rilling indicated that overland flow 
andesiritdace erosion Was Occurring Onethe iroad surfaces in 


response to soil exposure and compaction. 
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Table 14 compares bulk density measurements of this study 
with similar studies in other parts of North America. All 
have found that logging traffic causes soil bulk density to 
increase. “The degree of compaction ranges, fromj16 to 76% in 
thepotherestuidiesiwhilertorethicestudy themaveragesdegree. or 
colpactwonewas- 95% for Quartz Creceki sui iseand 12.357 for 
Rock Creek soils. There is no clear correlation between 
soil texture and degree of compaction evident in Table 14, 
PLresuUmapiye because Of) site-to-site difterences inysoil 
moisture conditions, traffic’ intensities and logging equip- 


ment. 


This study differs with other Re ren me in neportung: 

1. lower degrees of compaction; and 

25) Oveher buik densities for subsoils than 

POtNSkKLaGeroad SurtaGces. 

These features may reflect differences in trail-building 
procedures, and consequently compaction processes, on 
gentle versus steep slopes. On gentle terrain the tractor 
or skidder does not necessarily have to excavate and build a 
TUNMEneeSULiaee, ONSWhich to travel.” The Compaction rorcesis 
Usuaely gopiaed directly to the undisturbed soil, sopthe 
degree of compaction is a function of initial (undisturbed) 


and £<inale bulk@densities. On steepyslopes, however, the 
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tractor must excavate soil from one part of the skid road 
and build a fill slope with it on the outside. The com- 
paction process begins on disturbed soils whose initial bulk 
densities are different from those of undisturbed soils. In 
theicasetofethenexcavated seeciiongtofi thebskidtroadethe 
initial bulk density may be higher than that of the undis- 
turbed surface soil, while the bulk density of the sidecast 
or fill material is lower. Since bulk density is no longer 
homogeneous across the skid road cross-section, an average 
degree of compaction over the full road width will overstate 


compaction in some areas and understate it in others. 


‘This situation seems to apply to eitecuran a? Creek and Rock 
Greek sites;(see Figure 19). In both cases: road surface 
bulk density decreases outward from the toe of the cut to 
the outer edge of the skid road. Bulk densities for the 
inner track and center zones are intermediate between the 
Vanes foyssubsoils tandiundisturbedssurtace soils) sthe 
degree of compaction in these zones depends on whether road 
surface bulk densities are compared to subsoils, surface 
soils or a combined value, and can range from a small de- 
érease t (i fivcompared «toasubs0ils) cto sadcmoderate sincneaseu(it 
compared to undisturbed soils). ‘The fill portion is less 


ambiguous; soil bulk densities in the outer track zone are 
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26 and 29% higher than their sidecast counterparts for 


Quartz Creek and Rock Creek, respectively. 


Smith and Wass (1979, 1980) reported that soil pH increased 
wathedépth fofecut sondskidgroadsmatbiahknumberaof isites+in 
interior British Columbia. They also found that subsoil 
textures of the <2 mm fraction were similar to surface soil 


textures. |\This»study.also -found-similar trends. 


Thejinfriltration tests sruns,in+thissstudyrare ofvlimited 
Yalueabecause ofeatheireshortydunationy relnfiltnationycapacity 
curves generally describe.«a negative-exponential function 
with time (Horton, 1940); the 15-minute infiltration rates 
are still on the steeply-sloping downward portion of the 
curve and cannot be reliably extrapolated for longer terms. 
However, relative differences between the undisturbed and 
skid road surfaces are of some interest. A loose comparison 
can be made with data given by Lewis (1968) in his study of 
infiltration capacities of undisturbed and skid road surfaces 
on two coarse glaciomarine soils in southwestern British 
Columbia. Fifteen-minute infiltration rates inferred from 
his data are (approximately) 18 cm and 15 cm for undisturbed 
SOs panaios5 cm andw3s2 scmoton theirerespecbive jonsroad 


counterparts. The figures for this study are 26 cm and 18 
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cm for undisturbed Quartz Creek and Rock Creek soils, 
mespectivie ly “ands22.6 cmeand s5,59cm OT) skid eroad surtaces. 
(icEetOnes |o2minute, ini vutratvOneratess On) skidnnoadssurtaces 
arewoniy 533 and 21% of the rates for undisturbed. surfaces 
inelewrse (1968) study, compared with 8/% and 18% for this 
study. The fine-textured Rock Creek soils, theoretically 
MOreesusceptible to compaction than Quartz Greek so1ls, may 


Da Ge VeexDualietiondramatd Car ecauGaOlwml Nm tidet yd ti On. 


Rrlimecrostron was More =pronounced sol stnevROCkeereek srte than 
on the Quartz Creek site. On Quartz Creek, average rill 
length to~2.5 cm depth was’ 31.2 metres on an*average slope 
of 29.6%, compared to an aVSta ge OOM yer oe femur Se SO 


SiNMLareeue coe Stope, ror Rock Greeks 


Kidde Urges) =sucgestedethat for -simitar*skid road-eradrents 
(abOucesUs erosion control structures should béUspaced 40 
Pec mavanerOnmeranrcicesolls saldeou euecevdpalre Onebasa ttle 
Somiste lie clinatre  COncitrons) Wer ceassumedetOrbercomparauire 
ftheresrs *nosbasas) Lor*suchyan. assumption) theeresults, of 
titse study would suggest that Quartze€reek soils are=Vedia= 
tively less erodible and Rock Creek soils are more erodible 
Chatmeradirere ror sbasalcre=sOl1o. semacn "Ore pOOGeCHimatrc 
information precludes more detailed comparisons of relative 


erodibilities. 
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AeA RS Implications of Soil Disturbance to 
Forest Managers 


Researchers have been guided in their interpretations of 
soil disturbance by general relationships between the 
extent and severity of soil disturbance and site degra- 
dation. Smith and Wass (1976) express a common sentiment in 
their statement, 
"Until further specific information is gained, we are 
assuming that any mineral soil exposure results in an 
increasenin= é¢rodibiditys4and+thatedmsturbancetovertZs cm 
in depth (very deep classification) is potentially 
harmful to the site™ (p. 32). 

Their recommendations are consistent with this approach: 
VOomes maximum extent’ and severity, of soil) disturbance 
Oiestee pes loOpese wil le havertombesconsidcred as eli spelama & 
will vary with the site (soil, climate, topography and 
stand composition), but even on the most stable soils, 
exposure of mineral soil in excess of 25 to 30% should 
be avoided on steep slopes. Very deep (over 25 cm) 
disturbance should be kept to as low a proportion of 
the total mineral soil exposure as possible" (p. 35). 

Depth of disturbance is widely considered to be synonymous 

Withesevermtyeote disturbances: Inevgenesaljedisturbance that 

is confined to the surface few centimetres of the soil 

(Urentadistturbance in  thistsurvey) appears to) havexsome 

Siilviculturalepenefits as =mostsconarers preter mineralysoil 


tOmducreorslitter seedbeds. 9 sscaritication,, Loreexampdess ts 


essentially a technique to enhance natural regeneration by 
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Ceneratine ai ehtusotiedasturbancessandsisesecounieedmas@es 
wiableus vi cCulturalepreseription@ainemostaprovintess = ihe 
Alberta Forest Service (1977) suggested that disturbance 
should ™cover about 20% of the area, be well’ distributed, and 
pReterably consist of almixtures ofpdutiy and’ mineral, soia® 

In some situations logging-generated disturbance may satisfy 
silvicultural goals. For example, Glen (1979) states that 
drag scarification is not normally required on summer-logged 
Sices in the anterior of British Columbia. However, since 
soil disturbance is generally a by-product rather than a 
CoalwOLelogoino., Tts spatial; distmiputionemay not meet 
silvicultural requirements in all circumstances (Stewart, 
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Deep disturbance appears to have more limited value, while 
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there is little doubt that very deep disturbance is detrimental 


toamost forestesates. j2hiseisapartacularlyatrucetoresoids 


on steep mountain slopes where the rooting zone is often 


shallow and subsoils are compacted, unweathered and relatively 


infertile. The results of the second part of this study 
outline some of the concerns associated with deep and very 


deep disturbance: altered chemical properties that may 
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exceed the tolerance limits of coniferous regeneration; 
exposure of denser or compacted soils that may limit root 
growth; and reduced infiltration capabilities that may 
render exposed soil more susceptible to overland flow and 


erosion. 


Since very deep disturbance appears to be most harmful, 
forest managers should focus their planning efforts on 
reducing its extent and on rehabilitating severely-disturbed 
Sircsmaicermlocoinge. In’ this) comtextaquantrtcatave SOs 
disturbance information can be used as a tool to determine 
treatment methods and! priorities, baseds one the sourcerot 
disturbance and its relative anno seelnes asi ae contributor of 
deepeandaa very deep disturbances, [Thesresul tse ore this. study 
Suggest the following guidelines: 


Ghyepiaul roadseandelandincos aresprobabily the most 
severely-disturbed sites on logged areas. More 
thanwo0>;moLediSturbance associatedewactu these 
sources is in the deep and very deep categories. 
The type of treatment required will be dictated by 
the intended period of use. If the road is a 
pecmanent part of they foresteaccess networuk, 
tréatments to control erosion aré™important. «If 
thesroad) (or landinoierceonly ean temporanyestruc- 
ture (eg. a spur), emphasis should be on restoring 
themsitee tO) aaproductives>sctace. 


(aeeokidsroads son grounds kidded sitesmarescharac- 
terized by more \light®andtdeép but less *veryedeép 
dpeturbance than’ haul@roadssor landingsr | However, 
they saréealso*the Largest ®contributors/oredisturé 
bance of all depth classes. Since skid roads are 
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almost always abandoned after logging, the area 
occupied by them is available for timber growth; 
consequently treatments to restore such sites to 
a productive state should be considered. Erosion 
econtrolgisoessentiaigduring the period required 
for vegetation to re-establish and stabilize the 
skidmeroad surface: 

(3) Yarding-disturbed areas are usually the least 
severely-disturbed sites on logged areas. Coupled 
with the fact that yarding generally represents a 
minor source of disturbance as well, specific 
treatments are probably not needed unless excep- 
tional circumstances create extensive yarding 
disturbance. 


4.4.4. Options For Minimizing the Detrimental 
Sega OfiSo0il Dasturbance 


One of the most obvious ways to minimize soil disturbance 
(andmones that is trequently suggested in the literature) is 
to adopt logging systems that generate lower levels of 

dra uloanceetianmsyStems. currently sane usc. inas sOluciOn 
has gained considerable support, to the point where alter- 
native means are apparently forgotten. In practical terms 
CiiicmsOlLUcLOne ise Often? thesmoOste ditti1Cudcs Ones cCO,ImpLement 
ertectivedy, Anvettective effort? to. reduce, theslevels or 
effects of detrimental disturbance must incorporate the 
fOllowingealternatives: (a) use Jopcing systems that pro- 


duceslowsduantities of Very deepydisturbance, (b) simproveror 
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modify current logging systems through better planning and 
supervision; and (c) rehabilitate severely-disturbed areas 


when logging operations are completed. 


(a) Use of Alternative Logging Systems 


This approach is one of the solutions proposed by the Steep 
Slopes Guidelines (British Columbia Forest Service, 1973, 
1974). In the context of the Nelson Forest Region, cable 
systems would replace groundskidding systems for logging 
Slopes? steeper ;tham oU percent. A switch trom vroundskid- 
ding to cable logging methods would virtually eliminate the 
need for skid roads. “Since skid roads are the single larg- 
CotmcONtGioutror to voral soil disturbance ads, well as to each 
depth category, substantial reductions in deep and very deep 
adrstuypance could pe gained. [he extent "to which soil 
disturbance can be reduced by cable logging depends upon the 
choice of cable system and the care taken in layout and 
logging. A variety of cable yarding systems and machines 
are available, each with different yarding capabilities and 
haul road and landing requirements. Systems having applica- 
tions for the Nelson Forest Region are: jammer yarders and 


long-boom cranes (highlead and gravity slackline); mobile 
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stecluespars tnom 40 sto 70 "feet in height (highlead) ; sand 
yarding cranes (highlead, slackline, running skyline or 
guapple-yarding) (Studier and Binkley, 1976; Larsen, 1978; 
WekLburn, #b9 75) 


Jammer systems have the shortest yarding distance (200 to 
500 feet uphill, less than 300 feet downhill) and therefore 
the highest road densities of any cable logging systems, but 
can work on narrow roads and small landings (Lysons, 1974). 
Grapple-yarding systems are usually limited to external 
yarding distances of 400 to 450 feet. Haul road densities 
are high, and wide roads are needed for these larger and 
heavier machines. Perimeter roads around the block add to 
S0liecdisturbance if mobile taidhold spars=are) used: (see 
Smith and Wass, 1976). On moderate slopes grapple yarders 
can windrow logs along the road side but on steep slopes 


they,require landings to deck logs (Burke, 1972),. 


Highlead systems yard efficiently to 500 or 600 feet and can 
be extended to 700 feet or more if deflection is good. Haul 
road requirements vary with the size of the yarder. Some 
small yarders can operate on narrow roads but larger ma- 
chines designed for coastal conditions require wide roads 
and adequate landings. Uphill yarding capability also 


Varies withthe type of yarder ((Wellburn, 1974, (1975)) 
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Slackline and running skyline systems are capable of yarding 
efficdrentiya tomdistanceswore 0 0mromls 200mreet™ (Well burn, 
1975) and thus can reduce haul road densities substantially 
(Burke, 1975; Lysons, 1976; Mann, 1977). Running-skyline 
yarders are capable of swinging and decking logs on haul 
roads but they are less effective at piling logs on land- 
ings. Since most of these yarders are large and heavy, they 
require wide roads tolwork ons.) Good dandings are crucial to 
an efficient skyline yarding operation (Carson, 1976). 

Solid guyline and tailhold stumps are required for all cable 
systems and are especially important for larger machines and 
long-line systems which can impose very high loads on 


anchoring stumps. 


Good logging layout is essential to taking full advantage of 
CVemGApDADIi ties OL) a yarding system. “lhewenginecr muse 
plan for adequate roads, landings and deflection. The 
advantages of cable yarding systems in terms of reduced soil 
disturbance are lost if inadequate planning results in short 
(for the system) yarding distances and high haul road 
densities, ore lack of adequate deflection with consequent 


Nucheyaraingsdisturbance (see higune Zi). 
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PIGURE, 2: Yarding gouges resulting 
from poor deflection. 


Although cable logging may cause less soil disturbance than 
groundskidding, the reduction is usually accompanied by 
considerably higher logging costs. For example, Wellburn 
(1975) estimated total logging costs per cunit tor skidder, 
tractor and a variety of alternative cable systems, and 
determined that skidders were the least expensive ($6.25/Ccf), 


tractors the next least expensive ($9.03/Ccf), and cable 


Syotemsmcnesmost expensi Ver (99, 95.80.6120 1/Cct)  Forepoor 
logging chances (small wood, low volumes, and short oper- 
ating seasons) skidder and tractor logging costs increased 
by about 70% but cable logging costs almost tripled. 
Cottell, McMorland and Wellburn (1976) reported felling, 
yarding and loading costs of $22 to $31 per cunit for cable 
systems versus $12 to $16 per cunit for groundskidding 
SYStClismenmamscudy Orecables logging in interior British 


Columbia and Alberta. 


(b) Meda treatvonsiior Improvements to Existing Methods 


It may be possible to reduce soil disturbance by altering 
current logging techniques rather than adopting different 
logging systems. Improved planning for and supervision of 
current logging systems and operations are essential. 
Murray et al. (1976) described the considerations and 
procedures required of loggers, supervisors and planners to 
minimize unnecessary soil disturbance on groundskidding 
operations. Some of the suggestions, such as the use of 
preplanned skid roads, otfer opportunities for reducing the 
tOtaieienytm of-skid road on groundskidded sates. Careful 


planning of haul roads for an entire development area, 
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rather than for individual cut blocks, is needed to minimize 
the totel Jeneth of haul road for the development, area. 
Figure 22 shows an example of a system of parallel haul 


roads planned to access a large development area. 


BLGURES Zan Haul roads planned and located 
to access several clearcuts. 


Froehlich, Aulerich and Curtis (1981) assessed the feasi- 


bility of planning skid road networks to reduce the portion 


of commercially-thinned areas occupied by trails. Skid 
trail disturbance on a conventionally-logged control area 
was 20% compared to 11% when skid trails were spaced 100 
feet apart, 7% when spaced 150 feet apart and only 4% when 
spaced 250 feet apart. Average winching distance was 32.8 
feet in the conventionally-logged area, 34 feet on the area 
with 100-foot spacings, and 52.4 feet on the area with 250- 
foot spacings. Log production was not noticeably affected 
by increased trail spacings. Two groundskidded clearcuts, 
one having a random network of skid roads and the other a 
preplanned, pre-located network, are compared in Figures 23a 
and 23b, respectively. The former contains closely spaced 
skid roads with ere tadsents dee range of skidding 
distances. Skid roads” in’ the latter block aresspaced fur- 
ther epattmandweare parallely to the contourses lhemskid) roads 
are connected to the landings via steep feeder roads (see 


lower scenter portion of clearcut). 


Opportunities for reducing site impact through the use of 
alternative groundskidding machines has received some atten- 
fion inethe Nelson HOTrest RegvOne, Inucwes te iass Dec Cx 
pressed in low-ground pressure tracked skidders with higher 
Pragescapabilities than wheeled: skidders and crawler strac- 
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a. Skid road network not preplanned. 


D. Skid road network preplanned and pre-located 
prior to logging. 


POUL eed. Comparison of random and pre-located 
skid road networks. 


a. Skid road network not preplanned. 
b. skid road network preplanned anc 
pre-located prior to iogcing: 


machines was within acceptable limits, but skidding costs 
were higher than for conventional crawler tractors. McMor- 
land (1980) examined the use of small (D-4 or equivalent) 
crawler tractors as compared to conventional-sized tractors 
(D-6) in the Nelson Forest Region. Total soil disturbance 
on blocks logged with the small tractors averaged about two- 
thirds of the level recorded for blocks logged with larger 
Gractors. eelaulproad-s§rilanding=fandeyarding=related distur- 
bancegwas similar for both operations, while skid jroad- 
related disturbance on the blocks logged with small tractors 
was only about half the level found on the blocks logged 
with large tractors. Very deep disturbance caused by skid 
roads declined by one-third on summer- logged Sites and by 
three-quarters on winter-logged sites. Reductions in skid 
road-related soil disturbance were attributed to the much 


emauslereskadt roadsarequired! for@the@smalierttractors. 


(qja Rehabiildtationsot*Severely-=Disturbedtsites 


A wide range of rehabilitation and erosion control tech- 


niques has been designed for forestry applications. The 
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objectives of rehabilitation are generally twofold: (1) restore 


severely-disturbed sites to a productive state; and (2) 


GrTrosione control. 
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Haul roads are perhaps the most severely-disturbed sites on 
logged areas and therefore are prime candidates for re- 
habilitation. However, with the exception of some dead-end 
spurs, haul roads are usually regarded as permanent struc- 
tures and the land they occupy is considered removed from 
timber production. Because this withdrawal is permanent, 
emphasis should be placed on minimizing haul road densities 


within a development area through careful planning. 


Rehabilitation measures for permanent haul roads will gener- 
ally focus on erosion control, while restoring site produc- 
tavautyeshouldi be thescsoal inethe casc,of temporanyaspurs 
which are abandoned after logging is completed. Erosion 
control is best considered in the planning and layout stages 
and implementation of controls should occur during construc- 
Goma pionucesthe road.iSs.builtethessuccesss,0l erosacnmecontrnol 
measures depends largely upon the level and quality of road 
Maineenance,puactices .4sA largesbodyaoh literature describes 
road.maintenance practices. and rehabilitation.techniques for 
emoswon, CONLGOLALN ayvarietyof seotranhic land climatic 
settings. (Packer.and.Christensen,,1964; «Rothwell, 1971; 
Fashermand Jaber ,,1975;—Megahan, e139 4b. 2197/74 oGarry, 1980; 


Hapetelosoay Kochenderfem, 91970). 
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Landings are distinct from haul roads in that they generally 
occupy a smaller proportion of logged areas than haul roads 
and are usually abandoned after logging. Rehabilitation 
measures? aremmnecessary stoigrestore landing areas to produc- 
tive tree growth as well as to reduce soil loss. These 
measures usually include grass-seeding, fertilization and 
soil ripping or tilling to counteract compaction (Adams and 
Hroelvivch {9931 3) .G.ertsom 2. Powoice The shnitisinsco humbara 
Ministry of Forests now requires landings to be rehabil- 


itated following logging operations in most Interior regions. 


Skid roads are less deeply disturbed than haul roads or 
landings, but) are ‘the major source aaeeceht disturbance on 
groundskidded clearcuts and, on average, cause more very 
deep disturbance’ than all other sources. » Skid ‘road sur- 
faces, at least on summer-logged sites, were generally 
compacted and resembled subsoils in their chemical and 
physical properties. As a result, skid roads probably have 
augreater impact Son) ;groundskiddedtsitesmthan allsothen 
Sounmces.. sNumerous. studies havevdescribedwextensives erosion 
Gimskideroacs (Garrison and) Rummell 1951] ;.eomitheandeWassy 
19)7 Gata Chersompsl 975pe0.S. Hore siiSe maces £69 553; tkadd); 
1963) and reductions in seedling growth on compacted skid 


poadsir (Sn th tand Wass PilG79,, 19805 mMoungbengihikos9yr. Sesimce 
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skid roads are intended to revert to timber production after 
logging, rehabilitation measures must be designed both to 
control soil erosion in the short term and to restore the 


sates@tona productiverstatet 


Some soil loss must be expected during and following logging. 


Considerable losses may occur during logging operations 
(Hoover, 1945; U.S. Forest Service, 1953). Most subsequent 
erosion occurs within the first year after logging (Megahan, 
Uo7sacMegahan and Kidd, 197Zb;" Leaf, 1974). “Theretore? any. 
delay in applying erosion control measures reduces the 
efficiency of the rehabilitation effort. Short-term erosion 
control techniques coupled with (oieee teen methods offer 
the best chance of success. In general, short-term methods 
Suress control of surface runotfewhale@longer-termemecnods 
emphasize revegetation of disturbed surfaces. Several 
PUblaGations describing) erosion control*technigquessror = skid 
Toadcssandshaul roads are available (Haupt) 1950s hida, 1963; 
Murray eteal.; 1976; Packer and@Christensen, 19645 Garr, 


1980). 


Towdate there has probably been more emphasis in the Nelson 
Forest Region on controlling erosion from skid roads than on 


festOring site productivity. “The recent studies of Smith 
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and Wass (1979, 1980) define the implications of skid roads 
OMmeneescrowth andesitegproduc tivity sineth tsene aon un 
their most recent work the authors have developed a system 
fOUuscavliyessi tes) according, to rtied tm potentiaw rom sites loss 
(Smith and Wass, 1980). Fine-textured calcareous soils 
(similarsto’those of RockyCreek)) suffer the® greatest! losses. 
Efforts to restore productivity must take these differential 


Sitecrrespensespinto account. 
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5. SUMMARY AND CONCLUSIONS 


ake Summary 


Soil disturbance was measured on thirty-one logged areas in 
theiNelsonsForest *Regiomw df Britishi¢columbiaxin theetizst 
part of this study. In the second phase, physical and 
chemical properties of skid road surface soils were measured 
and compared with adjacent undisturbed surface soils and 
subsoils, and rill erosion on skid roads was correlated with 


Slope gradient and length. 


The sampled clearcuts occupied a nea Orgs opess jaspects, 
elevations and biogeoclimatic zones but the majority were in 
high-elevation mixed stands of Englemann spruce and sub- 
alipinemsir ehalwenty=-fiveuofsthecthirtiy-onetelearcutsmwere 
logged with rubber-tired skidders or crawler tractors of 
various size classes. Fifteen of the groundskidded sites 
were logged under "winter" conditions (on snowpacks and/or 
frozen ground) and ten were logged under "summer" conditions 
ConSbare, “unfrozeneground).* Average*sideslopes®ifor ithe 


groundskidded blocks ranged from 5.2 to 52.4 percent. 


Six clearcuts were logged by cable methods -- three by 
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highlead systems and three by grapple-yarding systems. The 
cable-yarded blocks were equally split between summer and 
winter operations. Average sideslopes ranged from 32.1 to 


Payee percents 


Groundskidding was found to cause significantly more soil 
disturbance than cable-yarding. For summer logging oper- 
ations groundskidding caused an average of 45.4% disturbance 
(range 28.8 to 65.0%) compared to an average of 29.5% (range 
Pino cOmos 9s) fOr cable-yarded Clearcutss= Under*winter 
conditions groundskidding generated an average disturbance 
of*40.4%° (range/i13.7 to 5276%)- while*cable-yarding caused® an 


average disturbance* ot 22.4%8 (range 12°. S5Pto Z8t4c4 ; 


Skid roads were the largest contributor of soil disturbance 
on summer and winter groundskidded clearcuts (28.8 and 
24.4%, respectively, in absolute terms) but were a minor 
component on cable-yarded sites (2.8 and 2.7% on summer- and 
winter-logged sites, respectively). Haul roads were the 
second major source of disturbance on groundskidded clear- 
Cutse(8t5%. in*summer*and!’ 72 62Fin®winter) and*overaliewere 
thewsiargese coOntributor® on’ cab le-yarded* blocks ™ (ot 05e1n 
summer and 16.6% in winter). Landings contributed less 


disturbance than haul roads: 5.1 and 4.3% on summer and 
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winter groundskidded sites; and 1.3 and 0.5% on summer and 
winter cable-yarded sites, respectively. Yarding contrib- 
utedtthe. éast©to total’disttrbanéesof the -four™sourcéeson 
groundskidded sites (3.2% for summer and 4.0% for winter) 
and was the third largest contributor overall (ahead of 
landings) on cable-yarded sites (16.4% in summer and 2.5% in 


winter). 


The surveys confirmed ‘the opinion’ that skid roads would be 
the largest contributor of soil disturbance on groundskidded 
Sco s. ee hes purposemor, the iskideroadsmonmtnemcaule-sanded 
sites was not always evident but it appeared that tractors 
were occasionally used to log areas of poor deflection. 
Landings caused slightly more soil disturbance on ground- 
skidded than on cable-yarded sites. With the exception of 
one anomalous value in each category, disturbance levels for 
haul roads and landings were similar for the two logging 
systems. The high value of haul road-related disturbance on 
winter cable-logged sites was thought to be a function of 
cutblock layout and haul road spacing, while the high level 
of yarding-related disturbance on summer cable-logged blocks 
appeared to reflect adverse site conditions (uniform, steep 


slopes, dry sites and thin duff ayers): 
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More disturbance was classed as very deep on summer than on 
winter groundskidded blocks (19.2% versus 13.6%) but amounts 
of light and deep disturbance were similar. Summer cable- 
yarded.sites were characterized by more light (15.1%) than 
deep, G5e5%),.0m very .deep disturbance (8.9%),. contrasting 
with winter cable-logged blocks which featured more very 
deep (14.3%) than light (4.3%) or deep disturbance (3.7%). 
The most noticeable difference between logging systems was 
the higher level of deep disturbance on groundskidded as 


compared to cable-yarded clearcuts. 


source and depth of disturbance were found to be strongly 
correlated, with each disturbance source having a unique and 
characteristic depth distribution that was independent of 
logging system and logging season, and only marginally 
influenced by slope steepness. Haul roads and landings 
generated mostly very deep disturbance but very little light 
disturbance (they differed in absolute amounts, however). 
Skid roads created mostly deep with lesser amounts of very 
deep and light disturbance. Yarding was characterized as 
mostly light disturbance with minimal levels of very deep 


Gistunbance.. 
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seasone ofd loggings hadi nos sagnifacantteffectt ont soa ilddistur- 
bance levels, although it was noted that winter logging 
generated 5% less (in the case of groundskidded systems) to 
7% less (in the case of cable-yarding systems) disturbance 
than corresponding summer operations. Differences between 
summer and winter cable-yarded sites were thought to be due 
to adverse site conditions and cutblock layouts rather than 


to seasonal effects. 


Overaldgyslope steepnessfdidundtssrenaficantlyilaintiuence 
total soil disturbance levels on groundskidded clearcuts but 
did affect levels of skid road- and landing-related distur- 
bance. The survey showed that skid Sopls generated signi- 
ficantly more disturbance on moderate and Steepesdopes 
(slopes over 20%) than on gentle slopes. Landing-related 
disturbance decreased with increasing slope, however, with 
Sronvedcanuly, less disturbance son steepe(40c=) Bthaneon 
gentle or moderate slopes. The survey showed a shift toward 
deeper average disturbance with increasing slope on ground- 
skidded sites, the trend being especially well-developed on 
winter-logged sites. This trend was not statistically 
significant, however.» The depth profile of skid’ road- 
related disturbance was strongly shifted toward deeper 


disturbance but the profiles of other sources showed little 


StmenOms lope. ecrtect. 
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The second phase of the study demonstrated that skid road- 
related disturbance was also associated with substantial 
siiits intavvariety sof souleproperties?: 9SSoulpphyecarbonate 
content, and bulk densities were higher and infiltration 
rates and organic carbon were lower for soils on the skid 
road surfaces than for adjacent undisturbed soils. Bulk 
densities of skid road surfaces averaged 9.5 and 12.8% 
nagher than for undisturbed soils on the) Quartz Creek and 
ROGkesCnuccksareds, respectively. infiltration rates of sskid 
roads were 87% of rates for undisturbed soils in coarse- 
textured. Quartz *Gréektsorls}pbuttonly: Z14ein“fine-textured 
Rock Creek soils. In general the skid road surfaces re- 
sembled subsoils more than surface soils in their physical 
andschemicals properties ¥gsuthesdirection cfethesseshistsy ere 
not the magnitudes, were regarded as unfavourable in terms 


of seedling survival and growth and erosion risk. 


Rill erosion was much more advanced on the Rock Creek than 
oni therQuartz Creekusite. oRillsyachiévedsatz.s-emsdepechtin 
5.2 metres on 27% slopes on Rock Creek soils, compared with 
ZTa2emetrés*onu3s0%*slopes on QuartzeGreekysoils. Average 
volume of material eroded per metre of rill length was 
almost twice as high on Rock Creek as on Quartz Creek 


(5 044 cm?/m versus 2 670 cm*/m). These observations were 
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consistent with the generally-held view that fine-textured 
soils are inherently more erodible than coarse-textured 
soils. Also, the development of an "erosion pavement" of 
pebbles and angular rock fragments may have retarded rill 
erosion on the Quartz Creek site. No such pavement was 


observed in the Rock Creek rills. 


Neca CONCLUSIONS 


The’ results of this. study*support*the*widely-heldtview. that 
groundskidding logging systems usually disturb soils on a 

larger proportion of’ thes logging area than do cable logging 
Syotems.  Inhis survey Suggests™that® thetdifiterencetin=areal 


extent’ is between 15 and’ 18% in absolute’ terms. 
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TOdasee = okid croads* fOrTm ale i ntevrale pale Ore tice OUmrr anise 
port process in groundskidding systems, particularly where 
slope steepness approaches or exceeds the terrain capabil- 


ities of tractors and rubber-tired skidders. 


Skid roads contribute more very deep and deep soil distur- 


bance than any other source. Since these depth classes, 
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particularly the very deep Calegory.. areRmostascuon sy, 
associated with potentially detrimental effects in terms of 
soil erosion and site productivity, efforts to minimize the 
environmental impacts of groundskidding systems must clearly 
concentrate on skid roads. A twofold emphasis is suggested: 
(1) erosion control measures should be applied as soon as 
possible after.logging is,completed; .and.(2)4skid, roads 
should be rehabilitated to restore their timber-growing 


PoOcentaadls 


Based on this survey, groundskidding and cable yarding 
Ssystemsearersimilar) in, other) respects.insofar.asysource.of 
disturbance is.concerned.,. Both systems require haul roads 
and landings and, on average, have similar road densities. 
Certain cable (running-skyline or grapple-yarding) systems 
appear to offer some advantage over highlead methods in that 
fie ttauiwroad.can doublesgas,a,log,deck,orelandines butecthey 
also characteristically employ shorter yarding distances and 
therefore narrower road spacings. The opportunity for 
reducing haul road- and landing-related soil disturbance by 


favouring cable over groundskidding methods therefore appears 


to be limited. 
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Yarding-related disturbance is minor in both extent and 
severity and, except under unusual circumstances, does not 


appear to constitute a serious problem on logged sites. 


Season of logging and slope steepness appear to have much 
less influence on soil disturbance levels than is commonly 
credited to them. The extreme range in soil disturbance 
estimates suggests that several factors in addition to the 
ones considered here exert strong influences on soil distur- 
Dance teveis.- »ifese*may*be*related©=toestte Condttaons (for 
example, aspect and its effect on site moisture status, 
depensotedutt=tayers)*or to logging conditions, (timber tsize 
and density, type and size of LOgeitotectienentts road loca- 
tion and cutblock layout, and supervision and logging crew 


experience and attitudes). 


The usefulness of soil disturbance information for planning 
and decision-making purposes will remain limited until some 
Ole tnesceanuditional tactors are*1dentitieds and* their errects 


On soil disturbance levels are defined. 
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6. RECOMMENDATIONS 


This study has attempted to identify and explain statis- 
tically significant differences in soil disturbance (in 
terms of levels, sources and depths) between groundskidding 
and cable yarding logging methods. It has also attempted to 
associate changes in soil physical and chemical properties 
with key disturbance characteristics of source and depth. 
Duminghthe coursenof 'this"study certain ‘limitations of this 
form of survey, as well as topics requiring further re- 
search, have been recognized. These will be discussed 


briefly inthis ‘section. 


During the field surveys it became apparent that soil dis- 
turbance levels were influenced strongly by operational (as 
opposed to environmental) factors such as cutblock layout, 
haul road and landing locations, size of groundskidding 
machinery, and characteristics of the timber stand. This 
survey (and most other soil disturbance surveys as well) 
placed more emphasis on environmental factors (slope, season 
of logging), however, and was not well suited to discern 
operational effects. Consequently the survey results were 
characterized by large unexplained variations in disturbance 


estimates within the major logging method/logging season 
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groupings, variations which reduced the effectiveness of the 


subsiequentls tatistical analyses: 


Further research into soil disturbance levels on logged 
areas must account for the potentially large influence of 
operational factors. Observations made during this field 
survey suggest that the key factors to consider (in addition 
to method of logging and source and depth of disturbance) 
are: haul road and landings specifications; size of .equip- 
ment used (particularly for groundskidding systems); average 
skidding or yarding distances; and timber stand character- 
ESticss (tree® size, piece size, volume per hectare).  De- 
pending upon study objectives, other stratification criteria 


nay bie, needed.as well. 


The second phase of this study was intended as a descriptive 
aid winc fatoathersoil disturbance sunveysnrathen tthamfas ja 
comprehensive analysis of the relationships between soil 

dns tirbancemandsits#etfectssonwsitesqualuty wy el Esme geses 
that soil disturbance associated with skid roads is accom- 
panied by substantial shifts in several soil properties and 
characteristics. However, the sample is too small to gener- 
alize over the full range of site conditions. Further study 


into the relationships between soil disturbance and soil 
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property changes is recommended, with emphasis on disturbed 
areas which will revert to timber production following 


logging. 


No attempt was made to correlate the type or depth of soil 
disturbance with a quantitative estimate of site loss. This 
information is needed, however, in order to assess the 
effects of forest management practices and to choose from 
among a range of alternative logging and site improvement 
techniquess thlhesrecent ‘studies? of Smith and Wass» (1:979;, 


1980) are’ encouraping, stepsiinet hisadirectaon: 


Finally,eutt was? noted during the field sumecysethat post- 
harvesting treatments to control surface erosion and to 
restore disturbed areas to a productive state were applied 
sporadicalilyeus Extensive: research haspbeen?donepin other 
areas te, develop) practicalvand Hnexpensive site rehabil-— 
itation techniques. These may have to be modified slightly 
tO Suite locadd conditionssand requirements, ybutymostior the 
basic research has already been done and is available now. 
A program to test the effectiveness of the most promising 
techniques (as well as new ones as they are developed), and 


to modify them, if necessary, is essential. 
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Nelson 
June 18, 1973 


ollvicul ture isupe lar. 
js GER Shi oe ell, sicile 


RED oleje!. oso. ).S.L. LICENSEES, & CONSULTANTS: 


Dear Sir(s): 


Much of the remaining mature timber in the Nelson Forest District 
is located on steep to very steep slopes. The use of ground skidding 
systems on steep slopes can be damaging to the soil and drainage pat- 
tern, therefore, we must be more critical of the logging method to be 
employed on these areas, and this letter is written to give you notice 
eee we will be examining your proposed logging system more closely in 

uture. 


As of today, ground skidding systems will not be approved on a new 
application over areas having a general slope in excess of 70% and areas 
having slopes between 50-70% will be more critically assessed for pos- 
sible adverse effects. Areas over which an application has been accepted 
or plan has already been approved will be reassessed. After January 1, 
1974, cable logging systems or an acceptable substitute will be man- 
datory on any area where soils, slope, vegetation, aspect, drainage, 
climatic or other conditions render the site subject to excessive envi- 
ronmental damage. 


As a rough guide, ground yarding systems will not be approved for 
areas having slopes over 50% although exceptions may be made in specific 
cases for winter logging on the snow. The soil is the basic resource of 
the forest insofar as all uses are concerned and it is too valuable to 
allow undue damage. It is realized that special equipment and crews may 
be necessary for cable logging and if applicants cannot provide the 
system for the area, it may have to be reserved for cutting until 
approved systems are provided. 


When submitting the application, the applicant will have to indi- 
cate on a contour map, these areas on which he plans to use a cable 
system in order that field staff can comment. This information is also 
necessary to allow recognition of extra costs of cable yarding in the 
appraisal. Although we specify the using of a cable system of logging 
for the steep slopes, we are open for proposals of other logging systems 
that will protect the area during logging. 


Your consideration will be appreciated. 
yours’ truly; 
doe hye ONS CONee Rete tee 
Districtslorester 
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Nelson 
VIL 4C6 
October 4, 1974 


M. Cable Logging 


BELT EM wtosHsl., @l core # I CENSEES™ 
§ FORESTRY CONSULTANTS, 
NELSON FOREST DISTRICT. 


Dear Sir(s): 


Lois] is furtherstowours letters otf June 18 andy July 23501975. pers 
taining to ground skidding restrictions in Nelson Forest District. 


The intent of this letter is to explain our current Nelson Forest 
District policy and the procedure to be followed where cutting plans are 
submitted covering areas of steep slopes or fragile ground where some 
logging method other than ground skidding should be implemented. 


Policy - The present policy in this regard is as follows: 


(1) Cutting Permit applications covering an area with a 
general slope in excess of 70 percent. 


- We will disallow an application over an area where the 
average slope exceeds 70 percent unless cable logging 
or some other reasonable alternative method of logging 
is planned that will leave the site environmentally 
acceptable. 


(2) Cutting Permit applications covering an area with a 
general slope of between 50 and 70 percent. 


- Where there is an application over an area that has 
an average slope of between 50 and 70 percent, the 
licensee must supply a satisfactory explanation to 
justify logging by conventional ground skidding 
systems. Soil Stability must be proven before 
timber removal by ground skidding methods will be 
approved. 


(3) Cutting Permit applications covering an area with a 
general slope of less than 50 percent. 
- On an area of fragile ground conditions where soil 
stability may present a problem we may insist on a 
cutting plan that makes provision for cable logging 


or a reasonable alternative method of logging over 
all or a portion of the cutting area involved. 
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(4) Cutting Plans 


- We expect licensees to submit acceptable cutting plans 
with maps that include such information as contours, topo- 
graphic features, forest and non-forest types, method of 
logging - eg. ground skidding and/or cable logging, cut 
blocks, reserve areas, cutting sequence, landing locations, 
as well as a clear delineation of all main, secondary 
and branch roads and the state of completion. 


Procedure 


___Where an *alternate method of logging may be necessary on a par- 
ticular area the procedure as outlined below should be followed: 


(1) Assess the area carefully on the ground in respect to the feas- 
ibility and suitability of an *alternate logging method and discuss the 
proposed cutting plan with the local Ranger. 


(2) Where an *alternate method of logging is definitely planned on an 
area, the particular site should be clearly delineated on the cutting 
plan map. 


(3) Submit the cutting plan including the pertinent appraisal informa- 
tion along with the map showing the area to be logged by an *alternate 
method. 


A clear definition of cutting methods, eg. ground skidding and/or 
cable logging for specific areas must be embodied within the cutting 
plan or the plan will have to be immediately rejected. 


To encourage the development of *alternate logging systems, costs 
of such systems should be documented where available and brought to the 
attention of the local Ranger in order that any reasonable cost estimates 
may be used for appraisal purposes. 


Normally, if a portion of the area is to be cable logged, we will 
prorate the cable yarding cost with the conventional ground skidding 
cost on a per cunit basis. 


Upon final processing in the Nelson Forest District office the 
cutting permit document will be issued incorporating the specific con- 
ditions relevant to the method of logging. 


VOURS@ CLULy., 


Jee ke vOnnston, 
District Forester 


*N.B. - Where the term ''alternate method of logging" is referred to 
above, it shall be construed to mean any form of cable logging or any 
other logging method other than conventional ground skidding systems. 
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PHYSICAL DESCRIPTIONS OF CUTOVERS SURVEYED 


FOR SOIL DISTURBANCE . 
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APPENDI OS ila 


SOIL DISTURBANCE SURVEYS: 


TABLES OF RAW (PERCENT) AND 


TRANSFORMED (DEGREE) DATA USED 


FOR ANALYSIS OF VARIANCE COMPARISONS. 
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Soil disturbance data (percent) for ANOVA test #1 


Table III-1. 


Cable-yarding versus groundskidding on slopes greater than 20%. 
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Cable-yarding versus groundskidding on slopes greater than 20%. 
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Soil disturbance data (degrees) for ANOVA test #1 
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Table III-2. 
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Soil disturbance data (percent) for ANOVA test #2 


Table III-3. 
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SOTL DISTURBANCE SURVEYS: 


SUMMARY OF STATISTICAL ANALYSES. 
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INTRODUCTION 


Data from the soil disturbance surveys was analyzed by 
Andlysis Of Variance (ANOVA) techniques. The basic unit of 
analysis was percent disturbance per depth class, trans- 
formed to degree data via an arcsine Vpercentage trans- 
formation to normalize the information. The analyses in- 
volved fourfold classifications of the disturbance data and 
employed randomized block designs with uneven subgroup 


sizes. 


Two analyses were performed. The Tix st compared disturbance 
data for cable-yarded clearcuts and groundskidded clearcuts 
Neavingeaverage slopes of 20% orJmore. “The second stratified 
and compared all groundskidded clearcuts by season of log- 
ging and by slope classes of less than 20%, 20% to 40%, and 


more than 40%. 


Tables of raw and transformed data used in these analyses 


are presented in Appendix II. 


Means of all highly significant main effects and inter- 


actions were compared using Newman-Kuels Range Test methods. 
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ANOVA tables for the two analyses (presented as Table 2 and 
Swine Section 4, Results) are reproduced here. Following 
each ANOVA table are tables summarizing each Newman-Kuels 


Range Test that was performed on the ANOVA results. 
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fable: tys 1a, Results of Newman-Kuels Range Test -- 
cable versus groundskidding on slopes >20%. 
a2, s@urce or dasturbance 

SOURCE. OF MEAN DISTURBANCE? SIGNIFICANCE LEVELS? 

DESWURBANGE! co 
DEGREES PERCENT 5% 1% 

Skid Roads Maha tee ae fh a a 

Haul Roads Oeisz iat b b 

Yarding 52.03 ORS 7 Cc € 

Landings 5219 Ome d G 


Table IV-1b. 


rE Pie OF 
DISTURBANCE 


Vekyvelecep 
Deep 
(va yseal Ba 


Results of Newman-Kuels Range Test -- 


cable versus groundskidding on slopes >20%. 


bemecde pth Oserdas Lumbance 


MEAN DISTURBANCE SIGNIFICANCE LEVELS 


DEGREES PERGENL 5% 1% 
DU EEX a a 
Ie Ses) dhol b b 
6.40 Ue Cc b 


1Sources are listed in order of decreasing rank. 
*The means given (degree and percentage) are those 


Galeulateds trom the ANOVA (Table IV-1). 


Newman-Kuels 


Range Test is applied to transformed (arcsine 
percentage) data, not percentage INTOrMawOn. 
The statistical results, however, are also valid 

forehe Original percentage data, 
3Means followed by the same letter are not 
pignmeicaitlyeditlerciit 4 tune StatedslevelmoOt 


confidence. 
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Papers ikV- te: Results of Newman-Kuels Range Test -- 
cable’ versus groundskiddine on slopes =—205. 
cs method of Fogging xX source of drsturpance 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 

PEVELS 
(METHOD/SOURCE) HNEGREESS PERCENT 5% 1% 
Groundskidding, Skid roads 17.50 9.0 a a 
Caprese yardins SSHavl roads On 29 See b b 
Groundskidding, Haul roads &.29 Lee be bec 
Gapleryardine 5 “Yarding Ome AR ee) C ed 
Groundskidding, Yarding UG al OG d d 
Cabresyardine “skid roads 4.00 025 de de 
Groundskidding, Landings OTS 0.4 de de 
Cable yarding, Landings a7 9 Or e e 
lap legiv— 1d Results of Newman-Kuels Range Test -- 


cable versus groundskidding on slopes >20%. 
d. method of locoincs ident hot dis tumbenee 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 
REVERS 
(METHOD/DEPTH) DEGREES] SPERGEN® 5% 1% 
Groundskidding/Very deep BO" 26 Ss a a 
Groundskidding/Deep 8.59 Tee) b b 
Groundskidding/Light Grou Las G G 
Cable/Very deep Oma ak cd € 
Cable/Light 6.08 Daal cd SG 
Cable/Deep 4,86 Bhar d e 
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Table IV-le. Results of Newman-Kuels Range Test -- 
cable versus groundskidding on slopes >20%. 
e. season of logeing XxX source of disturbance 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 


EVES 
(SEASON/ SOURCE) DEGREE PERCENT Je 56 1% 
Winter, sokid roads PAL Sd a a a 
Summer, Skid roads LS sel.Z one a a 
Winter, Haul roads 8.94 z.4 b b 
Summer, Haul roads 8.66 LI b b 
Summer, Yarding Ome 1.4 Cc b 
Winter, Yarding Sala) 0.4 ‘e ‘e 
Winter, Landings Tis ake 073 d C 
Summer, Landings 2.96 On: 3 d € 


Table IV-1f. Results of Newman-Kuels Range Test -- 
cable versus groundskidding on slopes >20%. 
£. *' source of drsturbance =: depts or disturbance 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 


LEVELS 
CSOURGE / DEPTH) DEGREE See PERGENI Gio s 1% 
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Landings, Light 0.89 <06 0 if g 
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Table IV-2a; Results of Newman-Kuels Range Test -- 
Summer versus winter groundskidding 
On Slopes <Z2U27e20. to, 402 seande 400" 
de) (SOUT Ce) OLmcts curbance 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 


LEVELS 
(SOURCE) DEGREES PERCENT 5% 1% 
Skid roads 16.29 Vers a al 
Haul roads mee 2 a) b b 
Landings 5 ole 0.8 C @ 
Yarding 4.88 0.8 S @ 
Table IV-2b. Results of Newman-Kuels Test -- 


summer versus winter groundskidding on 
slopes <20%, 20% to 40%, and >40%. 
batmidepthyors dasturcbance 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 


LEVEL 
(DEPTH CLASS) DEGREES Mae Sk GEN 5% 1% 
Very deep Charo hi) “ahese a a 
Deep 9.00 2.4 a a 
Light hese KO dkegh) b b 
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Tables IVR2 ce Results of Newman-Kuels Range Test -- 
summer versus winter groundskidding on 
siopest off 2074072070 tov 40 7amands 402. 
CS. slopes X85 0urcexoraidas turbance 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 


bEVELS 
(SOURGE/ SLOPE CLASS) DEGREES@ PERCEN® 5% 1% 
Seid oads..40 4+ Lo. OS AOR a a 
pwomroads, 202 to 40% 16280 8.4 a a 
Digtdaroads, <20% ioe od erat b b 
Haul roads, 40%+ 8,58 Ve @ @ 
Hauje roads, 203  to.,40% 8.09 220 ‘e ‘@ 
Landings, <20% 7% 50 Leary: c c 
Haul roads, <20% 6. 89 1.4 cd cs 
Yardang,  <20% 5 On 12.0 cd G 
Landings, 20% to 40% yn Be 0.8 cd © 
Yarding, 40%+ 4.76 On7 cd cd 
Varding. 205 tos4o% 4.05 Ome d od. 
Landings, 40%+ 1.46 OL e d 
Tables IV-2d. Results of Newman-Kuels Range Test -- 


summer versus winter groundskidding on 
slopes <20%, 20% to 40%, and >40%. 
d. slope X depth of disturbance 


MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE 


Velo 
(DEPTH/SLOPE CLASS) DEGREE SM PERGEN i 5% 1% 
Very deep, 40%+ 1, 08 heats a a 
Very deep, 20% to 40% OR es a a 
Deep, <20% OR 2 Dosis) ab ab 
Deep, 20% to 40% 9,34 ZnO abc abc 
imeht, <20'% Ga On! Piney abcd abc 
Deep, 40%+ (oO Meal bed abc 
Very deep, <20% irelsh Iga) cd abc 
ign, 400+ 6.68 1.4 d DC 
Light, 20% to 40% 6.44 Ae) d G 
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Table IV-2e. Results of Newman-Kuels Range Test -- 
summer and winter groundskidding on 
slopes <202r 
Go) SOUTCEe Of disturbance dept 

of disturbance 


MEANS BEING COMPARED 


(SOURCE/DEPTH) 


Skid roads, Deep 
Skideroads, Light 
Skid roads, Very deep 
Haul roads, Very deep 
Mardin. oht 
Landings, Very deep 
Haul roads, Deep 
Landings, Deep 
Yarding, Deep 
Hautsroads; Light 
Landings, Light 
arding. Very deep 


MEAN 


DEGREES 


20% 


DISTURBANCE 


to 40%, 


PERCGEND 
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INTRODUCTION 


Values for five soil properties (pH, carbon content, bulk 
density, particle-size distributions, and fifteen-minute 
infiltration rates) were determined along a transect ex- 
tending from the undisturbed soil surface immediately above 
a cutebank Of a=skid road) across the skid) roads surface. to 
the base of the fill slope on the downslope side. Five such 
determinations were made, each on a separate skid road, on 


eachTorLy thew Quartz Greel@and* ROcksCreek study¥sites. 


Statistical differencesewere esitablished by examining each 
SOmeproperty, individuals by Analysis of Variance (ANOVA) 
techniques. Where ANOVA indicated statistically significant 
differences existed, the Newman-Kuels Range Test or Student's 
t-test was applied depending upon the comparisons of in- 
terest and the numbers of means to be tested. The Newman- 
Kuels Range Test was applied to examine within-block differ- 
ences involving more than two means (i.e. to examine varia- 
tronsewithin the skid roadecross=Sectionsofmaseiven Study 


site). The Student's t-test was used to test means between 


tieptewo Study) sttes. 


Tables of ANOVA and pertinent means tests follow. 
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Table Vi-la, Results of Newman-Kuels Range Test - 
Soll pH Versusmilocationein aoskideroad 
CROSS sSec CLO. 


MEANS BEING COMPARED MEAN pH SIGNIFICANCE LEVELS 
5% 1% 


ee Quartz Creek 
Undisturbed surface soil 4,46 a a 


Basewor cutbank 
(C-horizon) 509 b a 
Skid roadpsurtace pega! b a 


be Rock Creek 


Undasturbed surface soil 6e45 a a 
Base of cutbank 
(C=hori zon) Or bes b b 


Skid road surface 7284 b b 
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Table V-2a. 


Results of Student's t-Test —  companisons 


off Organic carbons calcium carbonate. and 
total carbon contents between Quartz Creek 
and Rock Creek study sites. 


MEANS BEING MEANS FOR t 
COMPARED = Se eee 
QUARTZ ROCK 
CREEK CREEK 
Orcanrcecarbon 91.14% Dec ORG  y-Sis Ae 
Galerum 
carbonate 0.00 OF 20 527 55 
Total carbon Ags aes eat 4 0.883 


2.1415 


PAREN 


t SIGNI- 
0.01 EICANCE 
2.977 *# 
2.977 
2.977 N.S. 
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V-4: soil Textures (Partirc@le-Sizge Distribution) 


Analysis of Variance showed no significant differences in 
SOtletextures, (sand, stitvand clay components)) orsius tie 


minus -2 mm soil fraction between undisturbed surface 


SOLLS and@ skid road surfaces. 
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APPENDIX VI 


DESCRIPTIONS OF CABLE LOGGING SYSTEMS. 
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INTRODUCTION 


This appendix contains brief descriptions of cable yarding 
Systems that have been or are now being used in the Nelson 
Forest Region. The list of cable systems is by no means 
complete. Descriptions of the yarding systems and their 
capabilities have been abstracted from Burke (1972), Cottell, 
MeMorland, and Wellburn (1976), Larsen (197s), Mann (1977). 
Studier and Binkley (1974), and Wellburn (1974, 1975). 
Readers requiring more information about cable yarding 
systems are urged to consult these references for detailed 
descriptions, and illustrations. Maiftlin and Lysons (1979). 
is also a useful reference for cable yarding terminology and 


CeLimrecions. 


Cable yarding systems most commonly used in the past or 
currently in the Nelson Forest Region include jammer, high- 
lead and running skyline (with grapple or chokers) systems. 
Operators have also experimented with live skyline and 


standing skyline systems. 


IMPeelin MCR Wes andH JHE Lysons.t Wl 9701, OG lossary TOF 
Forest Engineering) Terms. | USDASFOr = oe1Vva, PacCiiic 
Nortiwest For. tand! Rangeskxp wore. , Portland, Ore; 
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bee Jammer 


The jammer system is a short-distance cable yarding system 
that was used extensively 20 to 30 years ago but receives 
Wesis' use =todayst#in Pessmostycommonsfoermsit@ consisted ot a 
two-drum yarder (mainline and haulback line) and a short 
wood or steel tower and was mounted on a truck frame or 
tractor undercarriage. The tower was supported by 2 or 3 
guylines. The haulback line passed through haulback blocks 
at the tailholds and was connected to the mainline via a 
squirrevebiock or other form of butt rigging. The haulback 
drum normally could not be braked during inhaul, so as a 
result the®rronttof*asturn coulld*nethber lifted clearforetthe 
ground. This, coupled with the short tower, limited jammer 
logging to relatively short yarding distances of approxi- 


mately 400 feet uphill and 200 feet downhill. 


ae Highlead 


Highlead systems are similar to jammer systems in that they 
also have two drums, one each for the main and haulback 
lines. However, the haulback drum can be braked to par- 


tially suspend the turn during inhaul. 
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Most highlead yarders are mounted on self-propelled tracked 
or rubber-tired undercarriages and have a steel tower ranging 
from 30°to'120 feet in'height (the taller towers are’ tele- 
scoping). The tower is raised and lowered, and supported 
when in the upright position, by six guylines. As with the 
jammer system, the haulback is passed through a series of 
haulback blocks rigged to tailhold stumps or backspars, and 
is secured to the mainline via an assembly of swivels and 
shackles collectively referred to as butt rigging. Chokers 
are also connected to the butt.rigging with line swivels and 


butt hooks 


During inhaul the haulback drum can be braked, tightening 

the lines and thereby lifting the front end of the turn 

clear of the ground (providing there is adequate deflection). 
The term "highlead" is derived from this feature. Yarding 
d@stances are longer as a result of the better lead, more 
powerful yarders and taller towers: average yarding distances 
of 600 to 800 feet uphill and 400 to 600 feet downhill are 
common, and longer yarding distances are possible if deflec- 


taon 1s*tavourable; 
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ore Running Skyline 


The term’ "running skyline” is used’to describe a varicty of 
cable yarding systems which couple the haulback line and 
Neinlinestouprovide=increaseds litt, te the turns oA carriage 
or a block, depending upon the particular system being used, 
runs on the haulback line and also connects the haulback and 
mainlines. The haulback line from the yarder passes through 
the sheaves of the carriage (or a single block), through a 
hau lback blockean, the, tailhold, and, returns, tO. then back, or 
Ciemcartiave (Or back endeot the DUCE T10ging)) | Nermaan. 
ibinemt rome the yarder, 1s connected directly tomtnestronteot 
thepcarriageror butt rigging. “Both lines have: braking 
CapaGieyvetO CONUrOlelines tensions... bitte ise prOvideds comtne 
CULM VE NaintalninoSubLtLeLent. COnS@One ieties lines cOskeep 
the carriage or block suspended above the ground during 


A aieOreoutia ul: 


The yarder may be a two- or three-drum machine. With a two- 
drum yarder a "two-line running skyline" known as a '"scab- 
ine! OL) Grabinsky! SYStemeiseCOMMONLY sUSCG.e tLlesCiis 
system the haulback and mainlines are connected via the butt 
rigging as in the normal highlead fashion. A block (usually 


a haulback block); attached to the segment of haulback line 
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between the tower and the tailhold, is also connected to the 
butt rigging as well. Consequently when one line is braked 
and the other tightened, a vertical lifting force is applied 
as the haulback line lifts up during tightening. Standard 
highlead yarders using chokers can operate as two-line 


running skyline systems. 


Three-drum yarders are in general specially designed to 
Operate as skyline systems. Machines designed for running 
skyline systems usually consist of a leaning steel lattice 
Merane = (hence may ber callved “Vvarding, cranes’) or tower 40 
POmOUMmLee Ce n1 Ch se )l hen towerme1s supported by lines to a 
gantry, which in turn is secured by guylines when the tower 
is in the raised position. Many of these yarders are mounted 
on turntables to allow them to "swing" and deck the turn 


beside rather than in front of the’machine. 


The three drums carry the haulback, main and slackpulling 
feines® Plrhe*haulback lines is rigged¢through, thescarriage 
sheaves, around the haulback block at the tailhold and then 
tomthes rear of the carriage.  Thesmaindane?passesrarounda 
sheave at the front of the carriage and is connected to the 


slackpulling line; hence the mainline and slackpulling line 
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work in opposition. A dropline is connected to the mainline 
and passes through the bottom of the Carriage. It is raised 
or lowered by adjusting the motions of the main and slack- 


pul Ping lines. 


Grapple yarders are running skyline systems and work according 
co tire-apove principles. “In *the caseror, crappie yarders, 
however, the dropline serves to open and close the grapple. 
When chokers are used its function is to lower the chokers 

te "tie rigging crew or to allow the lines tobe purled 


Hauetadlly @Cross ene yarding 1odd, 


Yarding distances for running skyline systems vary consider- 
ably. For systems such as grapple yarding, which is normally 
capable of handling only one log per turn and has very 
fimited lateral yarding capability, short distance (400 to 
600 feet) are preferred. When chokers are used and lateral 
Vanitiigers DOSSTD Lem yardinvedistances Ol, VUUNLOp ee UU) Lect 
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hl Live and Standing Skylines 


Unlike running skyline systems, in which the haulback line 
alsovacts ase the: skyline, laverands standing skyv4inesware 
stationary during inhaul and outhaul. In running skyline 
systems line tensions must be carefully controlled to keep 
the turn fully or partially suspended (this may be done 
automatically, with an interlocking mechanism to control 
drum speeds, or manually). In live and standing skyline 
systems, because the skyline is fixed, skyline tension does 


not need to’ be adjusted during inhaul or outhaul. 


Live skylines differ from standing skylines in that the 
skyline is mounted on one drum of the yarder and is used to 
lower the carriage and chokers to the rigging crew. Standing 
skylines may be mounted on the yarder or controlled from a 
separate, independent winch, but once positioned and ten- 
Sioned are not routinely slacked and tightened except to 


change yarding roads. 


Yarders for live’ skyline systems must) be: three= or, four-drum 
machines (although gravity skyline systems can be used with 
two-drum yarders). A four-drum yarder has a skyline, main- 


Tine ,eslackpulLling line sand) haulbackeline, swhid cede chiee- 
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drum yarder lacks the slackpulling line. Yarders are mobile, 
mounted on tracked or rubber-tired undercarriages, and range 
Erome4Qetow) 20) feet tall.) “Seven=to eight @ouy lines sare 


required’ for large -yarder's. 


Gravity skyline systems can be used with standard two-drum 
yarders. For these systems the mainline serves as the 
skyline and the haulback in effect becomes the mainline, and 
Poms cUmcCOnDUL Wturis intos thes landine. = slilescarn1 ace mand 
rigging is returned to the woods by releasing the haulback 
brake and letting gravity pull the carriage down the sky- 
ine we lies) Sieme1s) theretores lima tedmtosuphatimay arcane 


only on steep slopes (at least 30%). 


Standing skyline systems can be used with two-drum yarders 
if the skyline is mounted on a separate winch, or with 


forec mOLreLOur-dnum yarders.it Iteis storedwon, thesyarden. 


These systems have the longest average yarding distances of 
any cable yarding systems with maximums of 2,000 to 5,000 
feet depending upon which configuration is used. They are 
mosteerticient in tie: 1,000-=" to 1, 500-tfoot range. =Below 
thiseduscance hichlead anderunningesky line systemseare more 


effective because of their less complex rigging requirements. 
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